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PEEFACE. 



Of the determinative sciences. Anhydrous Analysis is 
the most simple and fascinating. Charmed with the 
rapidity of his results, eager with expectation, cheered 
in his labours by the general success of his experi- 
mental plans, the blowpipe analyst springs from theorem 
to problem, — from designs to facts, — with a facility of 
mind and hand imexampled in any other branch of 
chemical physics, until he obtains analytical results 
which might perhaps excite the generous envy of older 
and better chemists than himself. 

That scientific Englishmen have begun to open their 
eyes to this imdeniable truth is, I am happy and grate- 
ful to say, an accomplished fact. Soon may they learn 
the consequent fact that a knowledge of this science as 
it stands at present, will prove of commercial as well 
as educational importance, especially to our artisans, and 
tend to at least place them on a par with the most care- 
fully trained of our Continental neighbours. 

As regards my own experience, I can only say that 
this study has proved the solace and hope of a very 
chequered life, and that the retrospect of my humble 
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labours in this new field is a constant and unfailing 
source of pleasure to me. 

I will only add one fact here, as a proof of the 
encouragement the English worker may hope to re- 
ceive from his munificent and appreciative countrymen, 
\iz. that Mr. Hunt, of Messrs. Hunt and Eoskell, the 
jewellers, of Bond Street, London, presented me, quite 
unsolicited, with a series of twenty packets of gems — 
rubies, sapphires, emeralds, &c. — ^for blowpipe analysis ; 
the results of which I have given in a book on " Pyro- 
logical Mineralogy," which I trust will, before long, 
be permitted to see the light in the pages of my old 
and esteemed friend, the English Mechanic and World 
of Sciaice, as was the case with this little work. 

It will be found that, whenever desired by chemists, 
the definite borates described in this little work can 
as readily be obtained on a much greater scale, and 
weighed in the large assay balance. 

W. A. R. 

London, W. 
May, 1884. 
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In the spring of the year 1770, " Edward and 
Charles Dilly in the Poultrj'/' London, published a 
small-octavo translation of Cronstedt's work on Mine* 
ralogy, containing, as an appendix, two very creditable 
wood engravings of a hitherto imheard-of chemical in- 
strument, natural size, with pictures of some necessary 
apparatus ; and an excellent little treatise entitled, 
" Description and Use of a Mineralogical Pocket La- 
boratory, and Especially the Use of the Blowpipe in 
Mineralogy." 

The whole of these appendices were supposed to be 
the production of an Anglicised Swede, Gustav von 
Engestrom, residing in London ; a man evidently of 
great ability, although only an amateur, and possessing 
also considerable influence, for we see in Boswell's 
**Life of Johnson," that the brothers Dilly were at 
that time among the principal publishers in London. 

But after careful examination of this matter, and 
collation of the various books and papers concerned, at 
the British Museum, the fact appears beyond all doubt, 
and can indeed be clearly proved, that the Swedish 
mine master, Von Svarb, was in reality the author of 
this treatise, and that a copy of it, made from dicta- 
tion, was sent by Cronstedt surreptitiously to his friend 



IHTRODTJCnOS, 

Von Engestrum in London, to be translated and pub- 
lished there after the death of Von Svarb ; accordingly, 
Von Svarb having died in 17fi9, the English trans- 
lation of Cronetedt's "-Essay" with the appendix con- 
sisting of poor Von Svarb'a immortal blowpipe work 
under the above inviting title, and over the name of 
Von Engestrom, came out in London in 17T0. 

Dilly's shop, therefore, may be considered the lii'th- 
place of descriptive Blowpipe Analysis, for although 
Von Svarb had nearly forty years before invented the 
chemical blowpipe, and Cramer had partly described 
its use with that of borax as a reagent, in a Latin 
treatise on "Assaying" published (at Leyden} in 1741, 
all record of the former's work has been buried in the 
archives of the Stockholm Academy of Science ; whilst 
the description of the latter goes little further than that 
of the English Boyle in 1660, which only shows how 
" to melt small pieces of metal " with it. 

It seems to me a melancholy fact to contemplate, 
that London, having thus been the parent of the " Poor- 
Man's Cheniistry," " The Chemistry {par excellence) of 
the Microscope," and of " The Jlineralogical Pocket 
Laboratory," should have not only repudiated her for- 
tunate initiation of this important science, but should 
have used all the power and influence of her many 
disitinguished chemists to crush it and put it down,' 

"With the sole exception of Earaday, no distinguished 
British chemist has done more than merely mention 
the blowpipe, as a useful but not indispensable laboratory 
drudge, compelled to answer chemical qualitative in- 

• I underfctand that "TheCilyrind GuilJfl of London Inititnto " 
li&vo quitti rccuntly, \>f the advice of an irreHponaible chemist, cat ont 
" Blowpipe AnalyeiB," as worUilesa, from tholr Curriculum. It k still 
ntterly untaught at " The Royal School of Mints"! 
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quiries in certain formula), prescribed by the results of 
*' wet " methods ; whilst the work of the only original 
English writer on Blowpipe Analysis — the late J. J. 
Griffin — ^has been actuaUy swallowed bodily as regards 
some of his inventions — e.ff. the method of making 
charcoal paste with rice water — without any acknow- 
ledgment at all, in the later editions of Plattner's work, 
after Plattner's death. 

Having had now twenty-five years' experience in 
this matter, the latter half of which has been ob- 
tained in working upon the system devised by myself, 
I have carefully prepared this treatise, with the 
view of showing the student how to teach himself the 
science of Anhydrous Analysis, and its useful application 
to Mineralogy, &c., with special advice as to how and 
where the student (whom I assume to be an ordinarily 
intelligent town artisan of any of our large cities, 
without any greater knowledge of chemistry than can 
be acquired in these pages) can procure the material 
upon which and with which he is to work, at the least 
/possible price. For instance, I purchased only the other 
day, at one of the *' old curiosity shops '^ which swarm 
in the streets of London, a couple of old agate brooches 
without setting, for the economical sum of 2d. each ; 
and a pair of polished agates is a very important item 
in blowpipe apparatus. 

I shall commence by first showing him how to 
make his own apparatus, or adapt well-known articles 
to his purposes, with the prices of the materials 
he requires, and I shall then go on at once to ex- 
aminations of the commonest minerals and rocks — 
such, for instance, as he may find specimens of in the 
public roads — ^by means of the most simple reagents, 
for it will not be necessary to trouble him with the 
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eipenaive and recondite means of obtaining the reac- 
tions of chemically pure oxides, a table or list of which 
shall be here given for bis guidance. 

After this, he shall be led to the more elaborate 
analysis of minerals containing four or five oxides, as 
Labradorite, each of which will have fo be isolated so 
as to be determined by the blowpipe beyond all doubt. 
It will then, I hope, be manifest to the student that 
he shall be able, by means of his lamp and blowpipe, 
after a patient and persevering utilisation of his leisure 
time in this most fascinating study, to literally excel 
the miracles fabulously performed by " Aladdin and 
his Wonderful Lamp." He shall use it as a bey of fire 
to unlock the secret and solid stores of nature ; as an 
instrument of torture, to force her to confess how she 
colours her amethysts, emeralds, and sapphires ;* as a 
"pencil of light," wherewith to trace, in imperishable 
records, and with electric rapidity, the precise composi- 
tion alike of her soft, sulphurous ore, or her adamantine 
corundum. 

The student who ia somewhat of a proficient in 
Blowpipe Analj-sis, can commence his work with Chap- 
ter v., page 60, making an especial study of Tables III., 
ly., v., and VI. ; and by procuring from a mineralo- 
gical friend, unlabelled, but known powders for his 
investigation after the manner of the analyses detailed 
in Chapters X,, 51., and XII. 

• Vide lierj mid HuttmmiimiUcht Zciliing, ili. .Tstrgong-, No. 43, 
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CHAPTER I. 

ON THE MANUFACTURE OF BLOWING APPARATUS. 

Blowpipe analysis having been shown in the " Intro- 
duction " to have been born an English science, and, 
indeed, " within hearing of Bow bells," I may be ex- 
cused for describing its general objects to Englishmen 
in the very words of its founder. Von Svarb (printed 
in italics in the original) : " This art consists in a 
method of making mineralogical experiments upon a 
piece of charcoal with the concentrated Jlam^e of a candle 
blown through a blowpipe" 

In order to "blow this flame/' you must have a 
constant blast, and this blast may be created by three 
simple means, as follow : — 

1. A MozUh'blower, or common blowpipe, in employ- 
ing which the lungs are used as bellows, and the 
cheeks as an air-reservoir. 

2. A Foot-blower, from which the blast is created by 
air-pressure, caused by repeated strokes of a pair of 
bellows filling an elastic air-reservoir. 

3. A Hand-blower, the same as (2), only smaller, 
placed upon the table instead of under it, and worked 
by hand instead of foot. 
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Before proceeding to a description of the manufac- 
ture of these apparatus, let me here dispose of a remark 
of the great Swedish chemist, Berzelius, which is still 
maintained and put in practice by too many teachers 
and students of blowpipe analysis. After giving an 
account of various mechanical inventions to create a 
constant blast, Berzelius concludes : *^ I pass them by, 
since all these attempts prove that the inventors had 
no correct idea of the use of the blowpipe [Plattner 
and Harkort were among them !] and it may with pro- 
priety be said that they might as well have proposed 
to play upon a wind instrument with a pair of bellows." 

Berzelius was not the first great man and really 
clever writer who has committed himself to a foolish 
statement, and the metaphorical illustration of his 
views, although not wanting in a certain " smartness,'* 
is especially unfortunate nowadays, since the most beau- 
tiful " wind instrument '* Europe possesses — the English 
or Wheatstone's concertina — is " played upon with a 
pair of bellows." 

The fact is, that with greater air-pressure (or what 
is popularly called " a more powerful blast ") the opera- 
tor obtains, if the bulk of his lamp or gas-flame is duly 
proportioned, greater and more localised heat, and, 
therefore, better and more rapid results. 

How to make a Mouth-Blower or Common 

Blowpipe. 

Procure half a foot of thin but stout, ordinary brass 
tubing, about seven-tenths of an inch in diameter ; and 
another 6-in. piece, a little smaller, so as to draw 
in and out of the former, and yet fit air-tight, like the 
tubes of a telescope. Now solder a round flat piece or 
disc of brass, a little thicker than that of which the 
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tubes are composed, into one end of the wider tube, so 
as to close it air-tight. These are called the '' body- 
tubes " of the blowpipe, and are thus made to draw out 
and in, partly for convenience in packing, and partly 
to suit exactly what is called the '' focal distance " of 
the eyes of the worker, which differs slightly in every 
individual, and is liable to be modified by age, sickness, 
&c. Everyone's eyes see minute objects (small print 
for instance) best at a certain point in front of them, 
called their " focus," the space between this point and 
the pupil of the eye is called its " focal distance,'* and 
it therefore follows that, if a short-sighted person uses 
a blowpipe with long body-tube, or a far-sighted man 
a short-body tubed blowpipe, in neither case will the 
operator see properly the minute ** reactions " going on 
in the "assay " or object upon which he is working. 

We must now make the "jet " of our blowpipe — ^not 
quite so easy as making the body-tubes — ^but here is a 
picture of it (A, Fig. 1), the shape and about two-thirds 
the size it is required 




in reality to be, so 
that the student will 
have less difBculty. 

He will observe that ^ ■■ 

it is also a tube of 
thin brass, but which 

tapers from a broader to a much narrower end, though 
not quite to a point. The dotted lines show where it is 
covered by the large body-tube of the blowpipe, across 
which it passes at right angles, about half an inch from 
the closed or soldered end above described ; and the stu- 
dent will note that these dotted lines represent on this 
scale seven- tenths of. an inch, or a space equal to the 
diameter of the larger body-tube, into which itmuat^of 
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course, fit air-tight. The dark-shaded circle between 
the dotted lines is the air-hole for passage of the breath. 
B is the nozzle^ which fits air-tightly, but without 
screwing, upon the narrow end (5) of the jet. Its nar- 
row end (5) is solid as far as the dotted line, but bored 
very correctly by a hole through its centre, which a 
coarse needle should close, for the passage of the minute 
stream of air required. These little nozzles, made of 
brass, are, I believe, sold for 2d. or 3d. each ; but they 
are best made of platinum, because in that case, when 
clogged with soot (as they unavoidably become after a 
time) they may be instantly cleaned before the blowpipe 
on charcoal ; and all platinum articles which are sold 
by weight, only stand the purchaser in half the original 
cost, because Messrs. Johnson and Matthey, of Hatton 
Garden, London, purchase old platinum wire-ends, &c., 
for half-price of an equal weight of new articles. 

We must now revert to the body-tubes again in 
order to finish our blowpipe. Having bored, with great 
correctness, two holes in the wider body-tube, of diame- 
ters corresponding respectively with the size of the jet 
at the dotted line 1 and 2, Fig. 1, and passed the jet 
through these holes so that it fills them air-tight, and 
stands out from the body-tube at right angles to it 
(Fig. 3), the workman now covers the narrow end of 
the jet with the nozzle (B), and fastens with waxed silk- 
thread over the broad end, one of those india-rubber 
bladders sold in the parks to children and nursery-maids 
for, I think, a halfpenny, but considerably reduced in 
size — 0, Fig. 3. This is in order to make what I have 
called an " air-reservoir blowpipe ; " but he should also 
make a little copper or brass stopper (or a bit of cork 
with sealing-wax might even do on an emergency), so 
as to fit air-tight into this broad end of the jet, thus 
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enabling the whole, if preferred, or when necessary, to 
be used, as an ordinary blowpipe. All my artisan- 
stadent has now left to do is to make the '' trumpet 
mouthpiece " (an invention of the celebrated German 
pyrologist Plattner) of wood, of the shape and size 
shown in Fig. 2, bored through as figured by the dotted 

lines, and haying a little 

pasteboard valve (made by ^^*^ 
nearly cutting out a cir- 
cular disc) glued on the 
bottom, as shown (open) 
at V. This mouthpiece 
mustofcourse fit air-tight, , *^ 

and yet the student ought '^' 

to be able to remove it when required. The valve may 
also be made by simply fastening a piece of oiled silk 
loosely over that end, so as to close the hole upon any 
pressure of air from the inside^ but open it on receiving 
a blast from the mouth. Thus the air or breath can- 
not return into the operator's cheeks, but the more he 
blows after the elastic bladder is filled, the greater will 
be the air-pressure of the blast on the flame; and he 
may even increase this pressure by squeezing the bladder 
with his hand. It is obvious that no practice is re- 
quired to use this blowpipe. 

The " Air-reservoir Blowpipe " is now finished, and 
should present something of the appearance of Fig. 3, 
which is about half the natural size. The telescopic 
joint at a may be covered by a small piece of elastic 
tubing, which assists in keeping it perfectly air-tight, 
and also facilitates a good grasp of it by the right hand. 
The dotted lines show the distance which tube A gene- 
rally projects into tube B. The instrument is packed 
by drawing out the two joints completely separate, 
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taking out of its place the jet with its nozzle aud wind- 
bag, folding the latter together in tlie shape of a small 
toll, and slipping them gently into the smaller body- 
1^^ tube A ; A is then, 

^H^ with its contents, 

^^^K^ I^H pushed again into 

^^BU^B^^_ tube B, but this 

^^^JH^J^^^^^^^^^^^™" time right up to 

the soldered end, so that the 

whole size and appearance is that 

^^ H^l Ihia form of blowpipe can, as 

^H ^^HiD above mentioned, be used with- 

^H 1^1 '=' '^^^ ^^^ "air-reservoir" if re- 

^H I^B ^ quired, or if the supply of elastic 

^l_ ^^B ■^ bags is exhausted, by simply 

^^^^^^^ MH^ fi stopping the broad end of the jet 

^^^^^^Hr HI' ^ ^° ^^"'^ '^ air-tight, and re- 

^^^^^^^f II I moving the throat- valve v; but 

^^^^^^^K Hi ^ ■< ^^^ student can, if he prefers it, 

^^^^^^^P ^^H '»' purchase one of the conical 

^^^^^^^1 ^^1 J tinned and lacquered iron blow- 

^^^^^^^f ^^1 '- pip^s c^Uc<l "Black's" (said to 

^^^^^^^H ^^H "• be the invention of the celebrated 

^^^^^^^1 H^B< Z Edinburgh chemist Dr. Black) 

^^^^^^H^ PHI ^°^'' ^ ''^^^i^^^i ^ shilling, and, of 

^^^^^^P 'H' course, an air-bladder and mouth- 

^^^^^^1 I M piece with valve may easily be 

^^^^^ IM (itted on one of them (Fig. 20). 

^V .. I'M There are numerous other kinds 

^M '"'- ~— ' of ordinary mouth -blowpipes 

^^ whicli lU'cd not bo described here, as every shop keep- 

^1 ing these articles has a stock of them. Of these by 

^1 far the best is the one [known as " Gahn's blowpipe 
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with Plattner's trumpet mouthpiece" (Fig 4), of which 
Fig. 5 is a modification proposed by me. 



r 
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Fig. 4. — Gahn*fl Blowpipe. 




Fig. 6. — Plattner'fl Trumpet-Mouthpiece. 



How to make a Foot-Blower. 

Get a small pair of ordinary housemaid's hand-bellows 
(price Is. 6d.) ; if thought too large, saw off both the 
handles, file or cut off about three inches of the iron 
nozzle, and apply one end of a piece of elastic tubing 
(price 7d. per yard) to the stump by means of a small 
angular glass or brass tube to lead it upwards ; fix an 
ordinary goldsmith's curved blowpipe (price 6d.) in the 
other end of the tube, which should be sufficiently long 
to reach comfortably to your lamp on the table, and no 
longer. At any convenient position between these 
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points yon must fasten in the elastic tube a small 
elliptic india-rubber bag (Fig. 6), open at both ends 

(kept by all druggists), 

by means of two small 

pieces of glass tubing the 

^^' 6- requisite width, and a 

little fine wire strapping or waxed silk, to act as an air- 

reserroir. Now open the leather part of your bellows 

carefully on the 
side opposite the 
valve, and fix 
neatly down by 
means of small 
iron-wire pins on 
that inner side, 
a not too strong 
circular chair- 
cushion spring, 
so that when 
the bellows are 
pressed together 
the valve shall 
not be interfered 
with. The bel- 
lows being care- 
fully and air- 
tightly closed 
again, with the 
spring inside, 
will now remain 

Figs. 7, 8, and 9.-Ro8s'8 Box Foot-blower. distended, and 

are to be placed 
on the floor near the worker's right foot, valve down- 
wards. He will find such a foot or hand-blower almost 
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THE HAND-BLOWER. V 

indispensable in operations with boric acid, unless he 
is a first-rate user of the mouth-blower. Figs. 7, 8, 
and 9 represent a box for apparatus which can be used 
as a foot- blower. They require no description. 

How to make a Leather Hand-Blower 
without Valve or Spring. 

A (Fig. 10) is a plan of the two wooden circular frames 
belonging to this blower, a being the smaller frame, 
and b the larger one ; the larger shaded circle is a hole 
cut in the upper smaller frame ; the small shaded circle 
a hole in the under larger frame. B is a front eleva- 
tion of by showing a section of the windpipe as a dark- 
shaded circle, with an iron slot c underneath, for the 
head of a screw or nail fastened into the tabic, to keep 
the blower down when pulled upwards. C is a stereo- 
graphic sketch of the hand-blower in position, a and b 
being the two wooden frames, with d an elastic air- 
reservoir covered by a hair-net, and e a blast-pipe with 
nozzle, which can, of course, be made any length con- 
venient to the operator ; c is the table-screw fitted into 
the slot above described, which Mr. J. T. Letcher thinks 
might be done away with, by weighting the inner side 
of the large wooden frame A with two pieces of lead ; 
or the whole of its inner surface might be covered with 
a circular sheet of lead. This arrangement would not 
injure the table in any way, and would, I think, be 
ST^cient to hold the blower down, making it a little 
heavier ; but that is not of much consequence. /, /, / 
are pieces of elastic tubing, placed where convenient. 

To use the machine, the smaller wooden frame is 
taken between the operator's thumb and second and 
third fingers ; when the soft leather bag has been thus 
pulled out to the utmost extent, as shown in C, Fig. 10, the 
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hole a is stopped air-tightly by the/ra( finger, and the 
bag pressed firmly down, which motion has the effect 




of driving its contained air into the reserroir d, which 
is at once expanded, and exerts an amount of air- 
pressure upon the lamp-fiame proportioned to its ex- 
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pansion. In pulling up the blower to renew the down- 
wards stroke, the forefinger is raised from the hole a, 
thus acting as the valve, whilst the extremely slight 
muscular force of the arm required to pull up the soft 
leather bag, acts instead of the steel spring, which 
constitutes the chief expense of leather hand-blowers. 

Mr. J. T. Letcher, of Truro, Cornwall, has been so 
kind as to make, at my request, a temporary but work- 
ing specimen from the above sketch and description, of 
the cheapest possible materials ; the air-reservoir and 
tube, d,fy Fig. 10, being made of one of those squeaking, 
elastic air-bladders sold in toyshops for one-halfpenny 
each. He will, no doubt, make others more complete 
and stronger than this, to any orders ; and I am quite 
certain, from what I have seen of his work, that pur- 
chasers will be thoroughly satisfied with it, as being far 
more moderate in price, and yet quite as well finished 
as that of the best Freiberg makers. I have constituted 
him sole trade maker of this hand-blower (which would 
appear to be the cheapest leather one in existence), as 
well as of the whole of my pyrological apparatus. 

The dotted lines surrounding D show another form of 
wind-bag, which, I think, would be an improvement, 
and not increase the price at all. E is a rough 
sketch of the blower made by Mr. Letcher, closed for 
packing. All Figs, are half the natural size. 

Vulcanite Hand-Blowers. •' 

An extremely ingenious one is made by the above- 
mentioned gentleman. It is, in few words, the con- 
version of one of those white, vulcanite, children's air- 
balls, about the diameter of one's closed fist, sold in 
toyshops for 3d. or 4d. each, into a blorvpipe hand- 

* Yalcanitc blowers lose elasticity in a hot climate (as India). 
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iloTcer (!), and a very efficient one Mr. Letcher haa 
made of it. 

Although, of course, such a blower would not be 




expected to possess the power of leather bellows, the 
return of the elastic ball to a spherical shape after 
squeezing (which creates the atmospheric iu-draught) 
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being by no means so vigorous as the outwards force of 
a contained steel spring, or the muscular pulling open 
of hand (housemaid's) leather bellows, and consequently 
the pressure of indrawn air and then of expelled air 
being proportionately less ; still, for ordinary purposes 
of blowpipe analysis — as e.g. the sublimation of volatile 
metals on aluminium plate, &c. — this cheap and most 
ingenious little hand-blower is really first-class. 

The valves are placed in two small turned pieces of 
boxwood inserted into the poles of the little elastic air- 
globe, and an elastic air-reservoir, covered by a hair-net, 
is situated about halfway in a piece of vulcanised rubber 
tubing leading to the telescopic stand for the jet and 
nozzle, which are moved up, down, or sideways on a 
kind of imiversal joint, this stand being also, I believe, 
an invention of Mr. Letcher. 

Fig. 11 represents the old Freiberg vulcanite blower, 
with stand and lamp. D is the bellows ; £ the air- 
reservoir, and C the jet. The upper limb of the stand 
was graduated by me to show the angle of depression. 

Fletcher, of "Warrington, makes beautiful little 
leather hand-blowers. Fig. 12. I shall conclude this 
chapter by quoting an account by the manufacturer, 
Mr. Newman (1816), of Brooke's Piston Sand-blower : — 

" The instrument consists of a strong plate-copper 
box, perfectly air-tight, 3 in. in width and height, and 
4 in. in length ; a condensing syringe to force air into 
the box, and a stop-cock with jet at one end of it, to 
regulate the blast. The piston-rod of the condenser 
works through leather collars in the cap, which has an 
aperture in the side, and a screw connected with a stop- 
cock, which may again communicate with a jar, bladder, 
or gasometer, containing oxygen, hydrogen, or other 
gases. The use of the instrument is very simple. By 
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a few strokes of the piston, air is thrown into the 
chamber, and foi'ms a compressed atmosphere within. 
"When the stop-cock is opened, the air expanding, issues 
out with great force in a small hut rapid stream, which, 
when directed on the flame of a lamp, acta as the jet 
from a common blowpipe, hut with more preciaion and 

regularity These blowpipes are very portable, 

not liable to injury, and answer, I believe, the expecta- 
tions of aU who have tried them, and I have made many 
for different persons. The whole instrument, with lamp 
adapted to it, packs in a small box 6 in. long and 4 in. in 



1^ l2. — FlDtckor'a Leuther Hand-biower and Lamp. ' 

width and height, and there is space enough left for 
other small articles." 

I have only to add that some later German and 
American writers on Blowpipe Analysis speak (in a 
rather sneering manner) of foot and hand-blowers as 
being "automatic" (Greek automatos, a self-moving 
machine), but I would, with all due deference, observe 
that they are no more automatic than a mouth-blower 
ie, the only difierence being that the former are worked 
by the muscles ol' the leg or arm, and the latter by those 
of the sides compressing the lungs, and of the cheeks. 



CHAPTER II. 

ON THE COXSTRUCTIOX OF PYROLOGICAL LAMPS— OIL, 

CANDLE, AND GAS. 

Having considered in Chapter I. the best forms of 
Blowers, in studying Blowpipe Analysis, I must now 
ask my readers to give me for a time the whole of 
their attention and mechanical ingenuity while we 
devote an hour to a not less important matter : the 
construction of our fuel-burners or lamps. As inferred 
in the heading, pyrological fuel exists in three states 
or conditions — fluid, solid, and gaseous. In other 
words, as oil (for ''spirit," i.e. alcohol, is useless in 
this relation), as a candle or melted fat, and as coal- 
gas; and it will be obvious that a lamp must be 
specially constructed for burning either of these three 
fuels. 

Before entering on a description of the manufacture 
of these lamps, it will be necessary to refer to an objec- 
tion entertained by many eminent blowpipe analysts of 
my acquaintance — ^more especially by those who have 
been students at Freiberg University — to the pyrolo- 
gical use of coal-gas as fuel. 

They say (what is quite true) that gas is invariably 
adulterated, more or less, with sulphur compounds; 
and, secondly, that as the travelling mineralogist or 
pyrological chemist cannot hope to obtain gas on the 
scene of most of his operations, it is a mere waste of 
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time to teach him how to conduct these operations by 
means of gas as fuel ; he ought therefore (they say) to 
use only oil or candle-lamps, in order that he may not 
be misled or betrayed by any sulphurous " reactions " 
[I shall explain all these hard words when I come to 
use them on my own account], or by the " fatal facility *' 
obtained in operations with gas, in consequence of its 
comparative cleanness, absence of wick-trimming, 
greater heat, &c. Now, with regard to the first of 
these objections, the presence in some shape or other, 
more or less, of sulphur compounds in gas, although 
that defect certainly is invariable, it has not seemed to 
me, after an experience of some 12 years, to produce 
any great difference of results from those realised by a 
previous 12 years' experience in operations conducted 
exclusively by means of oil and candle-lamps, except, 
of course, in cases of teatmgjar sulphur and its com* 
pounds, when the latter alone must be used. 

The second dictum of restricting the operator at 
home to the use of oil and candle-lamps, because they 
are inferior to but more easily carried or procured than 
gas, is, it seems to me, about as reasonable as to 
require a chemist to use only in his home laboratory 
the little dropping-bottles of nitric or hydrochloric acid 
which he is compelled, for reasons of portability and 
convenience, to use on his travels in testing limestone 
rocks, &c., for carbonic-acid gas. 

I would, therefore, strongly recommend my student 
not only to use a gas-lamp, but the most powerful of 
all pyrological lamps, a hot-gas lamp worked by a 
foot-blower, as soon and as long as he can procure it, 
and when he can no longer do so, to tax to the utmost his 
ingenuity, in order to increase the power of his oil or 
candle-lamp so as to use constantly a foot or hand- 
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blower with it also. I believe a good deal could be 
done with a petroleum-lamp, but having never tried 
one, I shall, as Berzelius says, " pass it by " here. 

Of oil pyrological lamps, by far the best, and, indeed, 
the only one now known, is that invented by Berzelius 
himself* (Fig. 13), which he filled with common olive or 




Fig. 13. — Berzelius's Oil Lamp. 

even rape-seed oil ; but when pure cocoa-nut palm oil, 
as it is sent from Ceylon, can be procured for this lamp, 
it is simply perfection in the way of oil-lamps, as this 
oil becomes solid at a temperature of under 70° F., 
which renders it extremely portable, whilst it affords a 
perfect " pyrocone.'^ The following account, condensed 

* There are strong reasons for believing that this lamp was the 
invention, not of Berzelius, but of his teacher, Assessor Gahn, of 
Fahlun. 
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from Dr. Sclieerer's " Introduction to the Use of the 
Blowpipe," translated by the Editors of the London 
" Annala of Pharmacy and Practical Chemistry," pub- 
lished by Preeman, 69, Fleet Street, 18-53, describes 

The way to make a Pyrological Oil-Lamp. 

First, make the chamber K (Fig. 14, which is about 




one-tUrd the natural size) of tinned iron or brass, by 
bending round the bottom, and employing oa few 
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solderings as possible. " This may be lacquered exter- 
nallj black or brown, and sboiUd be attached to a 
metal loop with elamping-screw c^ to move up and 
down upon the perpendicular rod S. Oil is poured in 
at the opening A, which is closed by means of a screw- 
cap B, Fig. 15 ; a, Fig. 14, and a'. Fig. 15, ^ 
is the socket for the wick (made of strands 
of plaited cotton), which should be co- 
vered, when not in use, by a screw-cap 
similar to B. The principal construction 
of the socket and the opening for the wick 
may be perceived in the outline a, and 
from the anterior view c^, Fig. 15, also in 
the larger drawing at C. The lamp- 
chamber K should be screwed securely at 
an elevation equal to that at which the 
blowpipe is to be held, and a convenient 
place obtained on the table to support 
the arm which holds the blowpipe." I 
may add to this account, that the stand is made of two 
cross pieces of brass B, screwed together by the perpen- 
dicular rod S. I now proceed to show 

How to make a Pyrological Candle-Lamp. 

Make of any good conducting metal, as zinc, a strong 
oblong box, about the size of A a (Fig. 16, section), one 
end being partly closed by a rectangular four-sided 
plate, the narrow sides of which taper inwards like the 
frame of a slate, as shown (in plan) at B, Fig. 17. Into 
the box is slipped a rectangular candle of the same 
shape, having the double wick running near and parallel 
with, but not quite along, one of its two short sides, A 
b, Figs. 16 and 17. Even if I could myself make candles, 
it would scarcely be expected that I should have space 




Fig. 16. 
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or time here to give a deaeriptioa of the manufacture, 
hut I may mention that the largest candle-makers in 
the world — Messrs. Price & Co., of Batteraea — have a 




special mould for "pyrological candles," producing 
individuals the size and shape given in Fig. 16; the late 
Mr. Hatcher, their manager, having heen so good aa to 
call on me in Woolwich in 1874, to ohtain directiona 
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as to their manufacture. I have no doubt, from my 
knowledge of their liberality and public spirit, if my 
name is mentioned in any communication to that firm 
(which should ascertain from them the exact size of 
their candle), that they will retail such candles to bond- 
fide artisans at wholesale prices, especially if a number 
of workmen club together to purchase them. Fig. 16 
represents a little more than half of one of their pyro- 
logical candles (for of course they can be cut into any 
required lengths) A b, resting on a metaUic plate c, which 
again is supported and pressed upwards by a spiral 




steel spring a. The candle and spring being placed or 
rather pressed in position, the bottom of the box is 
closed by sliding through slots or grooves cut in the 
inner bottom, longest sides, a long zinc or iron plate 
D D, the front part of which, D rf, acts as a tlay for 
catching fallen beads, &c. ; and upon this tray the 
owner may also place his aluminium plate (to be after- 
wards described) when not in use, as it makes a far 
better tray than any other metal does. Figs. 18 and 
19 are older and simpler forms of candle-lamps. A 
(Fig. 18) is a mould of spare "wax" for fitting into 
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the round candle about the wick. In concluaion, as 
regards oil and candle pyrological lamps, it should 
be mentioned that as they are generally used with hand- 
blowers (see Chapter I.), the jet and nozzle of the 
blowpipe must be carried upon a stand capable of 
directing them up and 
down upon the flame 
at any required angle. 
The best and most port- 
able stand I have yet 
seen is that devised by 
Fletcher, of Warring- 
ton ; it consists of three 
joints with a stand- 
piece for the lamp, of 
flat thin brass, and can 
be folded so as to be 
carried in the waistcoat 
pocket (see Figs. 12, 
23, and 14, p. 30, in 
my " Manual of Blow- 
pipe Analysis"). The 
candle-lamp can be fed at top with melted fat, dripping, 
or even oil, so that one candle can be made to last 
almost indefinitely. A very excellent and practical 
fat or dripping pyrological lamp has been simulta- 
neously devised by Dr. Foster, F.G.8. (who baa given a 
description of it in the MiTieralogical Magazine), and by 
Lombard], of 4, Argyll-place, Regent-street. It can be 
easily made of the closed end of an old iron gaspipe 
about 2 in. diameter {price 2d,), which contains an 
arrangement of zinc foil for carrying the wick at 
any point of the inner circumference, and is filled with 
melted fat. The whole article, with fuel, ought not 
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to coat more than 6d. The instrumeiit for " snuffing " 
these lamps will be described under the head of 
" Apparatus." 




20 is an outline sketch of another form of air- 
blowpipe and candle-lamp, with tray, in use. 
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C IS a stand made of brasa wire, containing platin 
or aluminium capsules, heating during operations, o 




the "pyrocone" or flame , I) blioivs the mode of 
holding the object operated upon ; A' is the blowpipe 
packed for travelling. 
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How to make a Pyrological Hot-Gas Lamp. 

A (Fig. 21) is a brass tube, or, if preferred, a rod about 
the diameter of the " body-tube'* of the blowpipe 
(Chapter I.), which screws perpendicularly into a heavy 
metallic (lead or zinc) pedestal D, which should have a 
small projecting lip or point : if the ledge of the hot Al 
plate is placed under this point, the plate will stand up- 
right. Upon this brass tube fasten loosely by flanges at 
B^ so that it can slide up and down, but remain fixed at 
any point, the tubo BB^ to which is soldered near its lower 
part at B the horizontal 
tube b, carrying a short 
Bunsen burner d'. Now slip 
over the top of tube B B' 
another, similarly flanged, 
but much shorter tube C, 
with its flanges pointing 
downwards, carrying, by 
means of a solder near its 
top, the tube c c, which has 
a small slot or elliptical hole 
cut in its upper end c for the 
insertion of the foot-blower 
nozzle. These tubes {b and^) 
communicate by means of the gas taps E' and E respec- 
tively, and two elastic tubes (connected with one main 
elastic tube by the triangular pipe, Fig. 22) with the 
house gaspipe at any gas-bracket. F is an ordinary 
goldsmith's blowpipe connected by an elastic tube with 
a foot-blower under the table (Chapter I.). G is a box 
which can contain any small apparatus, covered by an 
aluminium tray ff, for falling beads, &c. ; H, a pla- 




Fig. 22. 
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tiauni dish clamped on an iron pillar /i, over the base 
of the pyrocone, containing boiling distilled water for 




5 boric-acid beads, and obtaining the insoluble 
formed within them by the action of the 
blowpipe, as will be explained in a future lesson on 
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" Ret^ata." The tabes t aad e can evideDtly be used 
separately, if reqaired. 

The above-described apparatus forma the most power- 
ful and useful chemical blowpipe known, excluding, ot 
course, the oxyhydrogen, and such blowpipea as Hera- 
path's, of Bristol, in which the blast is directed from the 
centre of the gaspipe. All such, sa well as the pyro- 
logical use of an ordinary Bnnsen burner, paralyse and 
jomUe together the chemical effects of oxidation and 




Fig. 24. 



reduction, for which the ordinary blowpipe pyrocone 
is BO justly celebrated, and cannot, therefore, be used 
here. 

The sketch accompanying this description is taken 
from an instrument designed and made for me by its 
inventor, my old pupil, M. Lombardi, who showed me 
by a series of experiments which place the matter 
beyond doubt, that heating the gas is for more effective 
in obtaining this result than heating the blast, although 
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it must be observed that Mr. Fletcher's "hot-blast" 
apparatus heats the gas as well. The whole thing, ex- 
cluding the platinum dish, ought not to cost more than 
a few shillings. 

Fig. 23 is a rough sketch of an extemporised single 
gas-lamp, worked with a hand-blower. B is the blast- 
pipe carried on one of Fletcher's portable stands ; C 
the brass ring for platinum capsules ; D D a blackened 
zinc plate to act as a background against the blue 
" flame ; " E an aluminium tray ; and F a small box on 
which the gas-burner rests. Fig. 24 shows the capsule 
with water boiling over the pyrocone, while the bead 
or " assay " H is under treatment. 



CHAPTER III. 

ON SUPPORTS AND APPARATUS. 

Before setting about his work, the student of pyro- 
logical analysis has to make, adapt, or acquire several 
instruments, subordinate, indeed, to the two chief 
articles, a blowpipe and a lamp, the manufacture of 
which has formed the subject of the first two chapters, 
but still absolutely necessary, and indispensable to 
all progress. It will be evident to him on reflection, 
that having produced, as above described, what has 
been generally miscalled the blowpipe *' flame," — ^for 
it is in realitv a beautiful cone of solid, dark-blue fire 
with an extremely acute " vertex," ending in a point 
as fine as that of a needle, and which should, therefore, 
be called not a " flame," but a pyrocone (Gbeek pwTy 
latinised into pyr, fire, and konos), or cone of fire — he 
cannot hold in it the object on which he proposes 
to work, or the "assay," directly with his fingers, but 
must interpose between those delicate members and the 
fire some intermediate article or instrument which 
shall possess the twofold negative property of not 
being destroyed by such intense heat, and of not being 
even acted upon by it so as to communicate any part 
of itself, altered as by " oxidation " (which term I shall 
explain in another part of these lessons) to the above- 
mentioned " assay." 
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mentioned alumini urn- plate, first used by Colonel Roas, 
and described by bin! in bis book, ' Pyrology.' Having 
worked for some time with this, and, after long and 
careful trials and comparisons with charcoal, I have 
found it eo very excellent and useful, that I think 
some remarks upon it may be of service to those 
who have not yet tried it. . . . It is, certainly, a pity 
that anybody should continue to use charcoal when 
there is something bo much superior to be had. . . . 
The plate is not only a great gain as to the portability, 
cleanliness, and expense, but also gives, in moat cases, 
much better indications of the volatile substances sought 
for." Again, "Berzelius laments thediiBculty of pro- 
curing good charcoal when travelling, even in the well- 
wooded regions of the North, and this difficulty, and 
the consequent necessity of carrj-ing about a quantity 
of dirty charcoal, all travelling analysts must find 
an annoyance." (Griffin's "Chemical Handicraft," 
p. 372.) 

How to make the Aluminium-Plate Support. 

Procure a rectangular strip of aluminium plate 
not less than four inches long by two broad, 1-32 inch 
thick, or of the thickness of this line ^"", half an inch 
of one end of which should be turned up by pressing it, 
while the metal is warm, firmly on a table, and bending 
up [not too sharply) the remaining portion in a vertical 
position, with both hands, to an angle of 95" ; or a 
right-angle wUl do (Fig. 35, A G B}. This half-inch 
horizontal part now forms a little ledge or rest for the 
assay, which, whether it be composed of one of the 
volatile metals, as bismuth, antimony, &c., (so ruinous if 
heated with platinum) or of mineral powder fused with 
soda or potash, before the blowpipe (C, Tig. 25), can be- 



1 
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lireated either on the bare plate, or on a little lozen-re 
vt " slip " of charcoal B, the plate meanwhile being 



I 
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held by an ordinary iron preasure-opening forceps, 
having long flat blades, and muffled with list or flannel 
wrapped round the handle to pro- 
tect the fingers, which would other- 
wise be severely burned by the 
tremendous heat-conducting powers 
of this metal, E, Fig. 25 {a in which 
shows the sear of a very severe burn 
received by me when first experi- 
menting with aluminium plate in 
'India). Pig- 27 gives a side view 
of these forceps. The corners and 
edges of the plate can be rounded 
by filing, to prevent tearing any 
lining of the blowpipe- case. These 
figures will again be referred to in 
eof apparatus; but it may be mentioned 
here that the dotted lines near A, Fig. 25, represent a 
thin, flat rectangular slab of charcoal, fastened by two 





pieces of thin wire over the front leg of the holding 
forceps for the purpose of recording the charcoal re- 
actions of sublimates, as it is a little addition of mine to 
this invention lately described in the Clismical NejES, 
and now figured for the first time. It is outlined in 
dotted lines because it will only be seldom employed, 
and to show the shape of the forceps- blade underneath. 



ALUMINIUM-PLATE SUPPORT. 35 

N.B. — ^Messrs. Johnson and Matthey, of Hatton Ghtrden, 
sell aluminiam by weight (and cheaply, considering its 
specific gravity is extremely low) ; and, I believe, allow 
half price by weight for old scraps as with platinum. 
The plate is cleaned by dipping a piece of rag (silk 
rag of old umbrella covers is best) wrapped round the 
forefinger, in charcoal dust and water, and rubbing 
wdl at the spots or stains. If the charcoal slips 
are sawed over a porcelain dish or basin (rf. Fig. 
64) containing water the necessary paste will be 
obtained. "The best way is to work as follows: — 
A fragment of the substance, about half the size of a 
small pea — or if it decrepitates, a corresponding amount 
of powder made to a paste with water — is laid upon the 
ledge of the base plate, close up to the angle (as C, Fig. 
25), and heated very slightly, about half an inch from 
the tip of a pure blue flame which is directed downwards 
on the assay with a gentle blast. Any subUmate obtained 
shoidd be examined from time to time : the heat being 
increased after each examination, till finally, very little 
or nothing more is obtained. The sublimates are then 
cleaned off, the same fragment of substance is placed 
on one of the slips of charcoal, in a small cavity in its 
centre (as B, Fig. 26), and again gradually heated, and 
the sublimate examined as before, till finally, in the 
strongest heat, nothing more is given off. The flame 
should always be so applied that its tip does not come 
nearer than half an inch to the assay, as long as any 
sublimate is obtained, and only in cases where nothing 
is given off, should it be brought so that the tip of the 
blue cone covers the assay. The reason for this is that 
some of the sublimates are so very susceptible of re- 
ducing action that if the flame were brought up too 
close they would be altered before they could be observed. 
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If no sublimate is obtained, either in the F., or in the 
blue tip, the powdered substance should be mixed with 
its own bulk or rather more of sodium carbonate, and 
the paste heated on charcoal sb'p within the blue tip '* 
{Hutchings). 

Fig. 26 shows three charcoal " slips," the size and 
shape in which I use them ; but of course they may be 
of any shape, or of no shape at all. A is the side view 
of a new one carrying a metallic assay. C ditto^ of one 
partly burned away at the point of an oxidating pyro- 
cone. B is the view from above of an empty new one, 
with a hole bored in it by a penknife for the assay. 
(The assays should be perfect spheres, and not oblate 
spheroids, as here shown.) 

Fig. 28 is an outline sketch of an aluminium plate 
graduated to show the differing ascensive force of sub- 




Fig. 28. 

limates, with wadded tongs, resting on an ordinary 
4-oz. stoppered bottle. 

In case the student should be compelled or prefer 
to employ the old lumps of charcoal as a support, the 
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foUowing remarks regarding its use are extracted from 
the latest published work on the subject — Prof. Corn- 
wall's " Manual of Blowpipe Analysis, &c./* New York, 
1882, and exhibit some of the drawbacks alluded to : — 
" The charcoal must be well burned, compact, but not too 
hard, of light wood, bass wood, pine, alder, or willow, 
and must yield only a little greyish or white ash, since 
a coloured ash may lead to mistakes in qualitative work. 
It is cut into prisms about 90 millimetres long (1 in. :^ 
25-399 millimetres; therefore lmillimetre=0-03937in.) 
and 25 square, so as to show on two opposite side faces 
the edges of the rings of annual growth, which should 
be rather close together, and the substances treated are 
to be laid on one of these faces. When both faces have 
been used, they are cleaned with a knife or rasp (a very 
dirty operation, in which hands and face are covered, 
and lungs filled with charcoal dust), or the block may 
be sawn through lengthwise. Great care is necessary 
in using charcoal a second time, to see that no mistakes 
arise from the presence of some of the substances already 
treated. Bits of charcoal can be used, except when 
coats are to be obtained, being held by some proper 
support. Natural charcoal is by far the best for quali- 
tative work. When it cannot be had, the artificial 
coal (made of rice or starch-paste, an invention of the 
late Mr. J. Grifl&n, of Garrick Street) may be shaped in 
suitable moulds readily devised." 

Glass Tubes as a Support for the Assay per se. 

The "open-tube" A (Fig. 30) and "closed-tube" 
B (Fig. 29) may be classed here, although they are, 
especially B, rather used over the flame of a spirit 
lamp, or the Bunsen (Fig. 21, J',) than as "supports" 
for assays before the blowpipe. A is made by heating 
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any point of a piece of Lard, white, German-glaaa 
tubing, the diameter of the figure (price Is. per lb.) 
in a spirit-lamp flame, or gradually (or else it will 
break) before a blowpipe, to redness, and tben, 
holding the tubing witi both hands, one on each 



Fig. 3D 

side*! of the red-hot point, gently bending it to the 
angle shown in the figure, and cutting a tube the 
size and shape of A off the tubing by means of a 
small file moistened with n drop of turpentine. The 
" tube " B (natural size) closed at top by the tip of the 
first linger, is a miniature test tube, more easily and 



Fis. 31- 

cheaply bought than made, except by a glass-blower ; 
it is sold I belieye (of the beat German glass) for a 
penny, and is a much more useful article than A, most 
of the results of using which are better obtained on 
aluminium plate, and, on the other hand, B may be used 
as a^^kind of open-tube bj' employing the holder, Fig. 31, 
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the manufacture of which will not, I am sure, present 
any difficulties to an English student. 

The assay is often required to be supported per se, 
more especially in testing minerals, &c., for the 
" coloured flame," or pyrochrome (Greek /?wr, fire, and 
chroma^ colour) it may emit before the blowpipe, in a 
pair of forceps with platinum points made of brass or 
German silver. Fig. 32, the French pattern ; which is 




Fi-. 32. 



the best, as the ends without platinum (a) are more 
capable of picking up small objects than in other 
kinds, as Fig. 33 ; the platinum tips (a, bought by 




Fig. 33. 



weight as usual) are generally riveted on with small 
brass pins — a bad arrangement to my mind, as I 
find they invariably break off, after a year's use 
or so, at these rivet holes ; a better plan, I think, 
but I have not tried it, would be to "strap" 
them firmly on with very fine platinum wire, which, 
when so thin, is cheap ; because, I imagine, on account 
of the brass rivets passing through the platinum, which 
is so constantly and suddenly heated to redness and 
even whiteness, that a kind of pyro-electric action is 
"set up" between the two metals, and that this 
weakens the platinum and strengthens the brass. 
Thick platinum wire, bent round the assay, as shown 
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Figs. 34, 35, 




in Figs. 34, 35, 36, may be also 
used as a per se support. 

Platinum Foil is very seldom 
used now, as a per se support, but 
Prof. Cornwall says: '*It should 
not be too thick, weighing about 
110 to 120 milligrammes (1 mgr. 
equals '154 gr.) per square centi- 
metre (1 in. equals 2*5 cent.), cut 
into pieces 40 millimetres (about 
1*5 in.) long by 25 wide, and it 
may be held by forcing its edge 
into a piece of charcoal. Ifote. — 
Never heat a metal, metallic sul- 
phide, or arsenide, in contact with 



platinum."— (Page 14., " Man. Bl. Anal.") 

Supports for Fluxes or Beads — The Platinum - 

wire Support. 

This invention (by Assessor Gahn, of Fahlun, Sweden) 
is one of the most beautiful, perfect, and important, that 
was ever contributed to Blowpipe Analysis. The thick- 
ness of wire depends upon the size of bead required by 
the operator, and this again (within the limits of the 
law of gravitation), upon the " energy " of the pyro- 
cone employed ; for it must be evident that an ordinary 
mouth-blowpipe, though used by ever so good a "hand,'* 
will fail to produce by the heat of an oil lamp such a 
large bead, especially of boric acid, as the instrument 
shown in Fig. 21 could. After long practice and reflec- 
tion on the matter, I have come to the conclusion that 
the largest possible bead, and therefore the thickest 
possible platinum wire, is best : but instead of troubling 
my students with "millimetres" or other French 
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metrical expressions resolved into English inches, I 
have thought it the best plan to give exact pictures as 
to thickness, shape, and length of platinum wire- 
supports. Fig. 37, in which a represents the wire I use ; 
b (Fig. 38) that generally employed ; and c (Fig. 39) 

a 



Fig. 37. 





Fig. 38. \^ ^*«- ^^• 

that (incredible as it may seem) figured as the proper 
thing in some modem English works on chemistry. 

At Freiberg I purchased, in 1867, a beautiful 
mahogany case of blowpipe apparatus for 133 thalers 
(£20), containing, among other exquisitely-finished but 
superfluous articles, a little boxwood and German silver 
handle for holding these platinum-wire supports — 
" Only this, and nothing more." But in a case where 
compactness and portability of apparatus are among 




Fig. 40. 

the chief claims to the attention of scientific men put 
forward, as in Blowpipe Analysis, it is absolutely 
necessary to devise subordinate articles which shall 
answer at least two useful purposes, and I have therefore 
proposed as a holder, cleaner, straightener, and ring- 
maker of platinimi wire, an instrument which also 
serves as a really powerful magnet, and a magnet 
is a dne qud non (Latin, " without which, not ") of a 
mineralogist's blowpipe apparatus. This instrument 
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is a modified jeweller's pliers 

(Fig. 40), but made of Htcel 

and burnished. Fig. 41 

shows it with the legs 

closed, and Fig 42 with 

them open Both are of 

the natural size, and ex 

hibit a hcmicircle at nearlj 

the bottom of the right leg, 

which ma\, or may not 

^according to the maker's 

ahdity), have 2j stamped I 

near, as this la the place 1 
I wherearmg 2j{or quarter) 

of an inch m diameter ma} 

be made upon the platmura 

wire, i\hK,h is the size of 

bead geneiallj made by me 

The large round legi, appa- 

routl) peihaps too large 

but not so when practical!} 

tested, enable the operator 

bj holding the very tip ol 
■^ a straight platinum. 'Kirc 
t; hrraly between them fiom 

below, at the pait maiked 
25, and gently tummg the 

pliers round with his right 

hand towards his left, whn,h 

holds the wire, to make a 

good round ring like that of 

a, Fig. 37. The ordinary 

"cage-maker'spliers" (Fig. 

43) also serve this purpose 



FJgj. 41, 42, Kos 



1 Mugnetit Pliers. 



PLATINUM-WIRE SUPPORT. 



43 



excellently. They may be graduated^ as shown in the 
figure. The wire is straightened and cleaned by 
squeezing and drawing it gently through the broad flat 
inside part of the legs at b ; and this process is much 




Fig. 43. 



more effectual than that generally recommended by 
chemists^ to dip the red-hot wire in hydrochloric acid, 
which also most certainly renders the wire brittle 
and causes it to break in " ringing " after a time, 
whereas this process strengthens it by a kind of weld- 




Fig. 44. 

ing. The ringed wire is now fixed between the legs as 
far as d, Fig. 42 (not farther), in the shallow space cut 
out for it, by drawing up the brass collar a Fig. 41, to 
the position shown ; by drawing it down to a, Fig. 42, 
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the legs are left wide opea, and the pliers are tlieu 
useful in the ordinary way, for taking up small articles 




or iueaya, &c. They are now to be utilised as a horse- 
shoe-magufit in the following manner : — Left wide open 
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and laid flat — ^not sideways as shown in the Figs., the 
pole of a big horseshoe-magnet (the use of which would, 
I feel sore, be allowed by any shopman possessing 
magnets) marked '^ N '' is to be carefully and squarely 
drawn down the flat side of the leg S, Fig. 42, from A 
to S ; this is to be repeated, say, twelve times. The 
pliers are then to be turned over so that the other side 
is uppermost, and it is to be in like manner gently but 
firmly rubbed by the magnet, always in the direction 
from A to N, by the other, or S-pole of the big horse- 
shoe. An armature is supplied by simply closing the 
pliers. The end A acts as a charcoal-borer or small 
screwdriver by putting a cork over the sharp points. A 
" geometrical pen " (Fig. 44) makes a cheap and capital 
support for beads on platinum wire, &c. 

Mr. Letcher, of Truro, Cornwall, 1ms devised a most 
ingenious telescopic stand holder for platinum wire, &c., 
and for Al plate on a pinch, though the grasp of the 
geometrical pen is scarcely long enough for that ; but 
I have doubled this length by boring another hole for 
the screw nearly at the base of the pen " arm." 

Fig. 45 is a rough outline sketch of an extemporised 
gas pyrological apparatus, showing the mode of treat- 
ing the bottom only, of a bead containing the assay 
powder in the pyrocone or flame. This is essential in 
the case of imknown substances containing arsenic acid, 
&c. (see Tables VI. 3, col. 4, and VII. 3) ; otherwise, 
the platinimi wire will immediately fuse, and the ring 
break off. When the presence of a volatile metal is 
certified, the bead is unrolled from the wire and the 
assay transferred to the aluminium plate. 



CHAPTER IV. 

ON AUXILIARY APPARATUS. 

Freiberg apparatus, in the profuse manner by 
which every one of the too-numerous articles is 
designed exclusively for its own separate use however 
trifling, and for no other, forming at last a bulky box 
which with its deal case is almost a porter's load in 
itself, actually contains two articles for merely cutting 
and trimming a lampwick; (1) a pair of common 
scissors, and (2) a *' steel forceps ; " but it is evident 
that these may be usefully combined as in Figs. 46, 
47, and 48, by making or adapting a pair of ordinary 
small-size scissors, each leg of which terminates in 
a broad flat point (which can be used as a charcoal 
borer), a, Figs. 47 and 48. The wick is compressed, 
as it often requires to be, between these flat points 
at a, and cut in the ordinary scissors-part at b. 
Fig. 46. This instrument has been made by Griffin 
and Co., and answers very well ; it is called scissor- 
forceps. I purchased, the other day, for 2s. 6d., a pair 
of ordinary grape-scissors (Fig. 49), the upper surface 
of which, a, answers capitally for compressing the wick, 
and the opposite or under surface for cutting it. 

In like manner, the heavy steel hammer, with steel 
anvil and special steel forceps, all three for simply 
crushing small fragments of minerals to powder, and 
flattening malleable assays, contained in the Freiberg 
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set and the English copies of it, may be usefully and 
even perfectly superseded by one little, extremely com- 

.' 1 




Fig. 48.— Eoas's SekHor.Forcopa. 
mon, and very cbeap instrument, known as " dentists 
or erusking forceps" (price Is. 6d.), the head of which 



I shown in Figs. 50 and SI. This, of course, may 
of different shape (as, for instance, with square, 
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instead of rounded jawa) from that given in the 
figures, and yet be equally good ; the only essential 
point is that there shall be an opening at a, without 
which there is leas leverage, and consequently much 
less power. Figs. 52 and 53 represent the head of 
another useful and common steel forceps, called nip- 
pers, for nipping off crystals, or other desirable por- 
tions of a mineral upon which to operate. It may, 
but need not, have a little steel spring between the legs 
of the handle, as at a, in order to keep the knife-like 




Fig. 62. Fig. 63. Pig. 6*. Fig. 66. 

jaws apart. If the artisan-student has a talent for 
invention, he may devise a combination of the two 
forceps (Figs. 51 and 53) in one, as Fig. 54, which is 
a modification of one of the champagne-cork extractors 
in use, with the nipping and cutting part, a, very much 
exaggerated, or proTtoncS, the French would say, and 
the screw-bottom, b, sufficiently large and protruded 
to enable it to act as a light but effectual hammer, 
although a hammer is really not required in blowpipe 
apparatus. This instrument could be easily unscrewed. 
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and th« legs carried separately for convenient packing. 
Fig. 55 is a cobbler'a implement, whicli may be used in 
the same way. 

After cnuhing the assay-mineral roughly with the 
forcepfl (Fig. 60 or 54) instead of hammering it under 
B piece of paper (when, of course, you get the addition 
of paper fragments to your assay) or between the legs 
of Bt«el forceps upon a steel anvil, as they do at Frei- 
berg, it is necessary to reduce the coarse powder thus 
produced to fine dust, or using a drop of water, to paste ; 
and for this purpose by far the best thisg is a }>airoJ 
polished agate slabs (Fig. 56). 
In Freiberg they use for this 
purpose — and German dealers 
have supplied with it all the 
chemical laboratories in Eng- 
land, making thus a lucrative 

trade — an agate mortar and 

pestle, the disadvantages of '"^^^ 

which seem to me as follow : 
(1) They are far more difficult to make, and proportion- 
ately expensive ; (2) After the hoUow surface of the 
mortar becomes (as it very soon does) iull of minute holes 
by grinding silicates and other hard minerals upon it, 
small portions of different assays lodge in these holes, 
and get mixed together, so that the operator is deceived 
by his assay — a very serious thing in assaying some of 
the rare minerals, of which only a very small quantity 
is obtainable — and it is impossible to re-polish such a 
hollow surface, except by the proper polishing machine ; 
(3) If you happen to break aueh a mortar in the field 
you are " done for," because it is impossible to work 
with halves or fragments of it, and it cannot be used 
as a fiat " slab " ; (4) Such a mortar and pestle are most 




inconvenient to pack, except in the luxurious mahogany 
Freiberg case, in which spaces the exact shapes of them 
are cut out and lined with velvet (!) The only counter- 
balancing advantage offered by the agate mortar to 
these very serious defects is that there is leas chance of 
losing in a hollow surface than from a flat one, any part 
of a powdered assay ; an " advantage " wholly thrown 
away in regard to qualitative analysis (Latin gutifUas, 
a quality or property), which ia all we have to consider 
here. On the other hand, agate slabs may be any shape 
or size you like or can obtaiUj provided they have each 
one polished, plane surface. As mentioned in the intro- 
duction, I made a pair of excellent slabs by simply 
cementing or gluing a couple of old agate brooches 
(price 2d. each), into two square blocks of wood. Fig. \ 
56 ia the sketch of a pair made for me by Griffin and . 
Co., one of which has a rounded comer, at a, for using 
it as a kind of pestle, with very little assay powder. But j 
anj/ side of these rectangular slabs answers for grinding i 
with; and when any surface gets corroded or "holy," it is ] 
only a matter of a few minutes and of sixpence expense j 
to have it reground and polished. Besides these great 1 
advantages, agate slabs afford beautifully clean and | 
smooth surfaces upon which to rest hot or wet assays A 
or dry powder to be neatly taken up by a red-hot 3 
" bead." I 

In order to save the agates as much aa possible, and I 
to retain every particle of a small, hard assay, it is very J 
convenient, but by no means necessary, to have a I 
closed steel morlar [invented by a German chemist I 
named Abich, and therefore called " Abich's Mor- i 
tar," see Fig. 57), of which Figs. 58, 59, and 60 I 
represent a modification devised by myself. The j 
outer surfaces act as a little anvil, if required, and j 
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Kg. 67-— Abich'a Mortar. Fig. 



a) 
d 

d A 
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it is called, in conaoquence, T!ie Anvil-Mortar. A b 
IB a, solid, hard-iron or steel square prism, of any 
size convenient to the owner, a d is a polished steel 
piston, or cylinder, passing air-tight into, and through 
a circular hole or chamber, with polished sides, which 
is very correctly bored through the long axis (Latin 
axis, an axle) of the prism. Figa. 58 and 60 A are a 

side view, and Figa 59 and 

) B a top \i6Vt, of the ma- 
chine. The piston being di 
vided into sections, the upper 
part, a, ia withdrawn, and the 
mineral fragment or assay to 
be cruahed drop- 
ped into the c^ ■ 
linder, upon thi 
lower part « 
a is now le- 
placed over ^^^ 

carrying the as- ^"""^ 3 
say, and gently Fig. 62. 
tapped with a light hammer 
on its upper surface until 
that is level with the upper 
surface of the prism A b, which 
shows that the mineral is com- 
pletely crushed. Corundum 
{the hardest mineral in the world next to diamond) can 
be instantly crushed thus to fine powder on a Brussels 
carpet, and the powder then obtained by pushing the 
piston through, upon a clean sheet of paper. In 
Abich's mortar, which has a closed bottom, the powder 
must be scraped or swept out, A lens (Latin, 
lentil-bean) or magnifying-glaas. Figs. 61 and 62, ia 




snt or assay to 



Fig. 61. 
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an mdispeasable accessory to a blowpipe, without 
which you could not properly observe the reactions 
which have taken place in the transparent, or semi- 
transparent, " bead." The figures show the ordinary 
watebmaker's shape, or "loup" (which is by far the 
beat), cut in hom, but containing two doubly-convex 
{Latin, convenes, swelling or rounded^ as the upper 
sur&ce of an arch) lenses, which are pieces of glass 
shaped lite a lentil-bean. The prices of good lenses 
are less than they formerly were, but they are still, in 
my humble opinion, far too much. With our numerous 
and splendid glassworks, the English artisan ought cer- 
tainly to be able to buy a lentil-shaped, cut and polished 




Fig. 63. 



piece of "crown " or "flint" glass this size for 6d. at 
the moat : he can easily use this on a pinch without any 
frame at all, but a turner ought to produce such a frame 
as Fig. 62 out of a piece of hom for, say, tid. more. 
At all events, the Americans are now selling in London 
excellent little lenses in German-silver frames, screwing 
into a plate with white bone handle, containing also a 
needle with piece of glass for holding the " object " 
(which is quite useless), all for one shilling ! I pur- 
chased two of these the other day at an American shop 
in the Strand, threw away the handle and plate of one 
and the needles and glasses for objects of both, and 
screwed together the two lenses so as to form the email 
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dooble-lensed hand- microscope. Fig. 63 (one-lialf the 
natural size), which has cost me 28., and is a really 
efficient little thing : French lenaea of large aperture, 
with " botanic stool," are now sold in the Strand for 2s. 
A charcoal saw, made by filing teeth in a broad 4 in. 




Kg. 64, 

piece of clock-spring', after allowing it to cool from red- 
heat. The ends may be rounded to form a spatula. Pres- 
sure-opening to?igs for holding and taking up Berlin por- 
celain or platinum basins containing boiling water (Pig- 
64, d). These are made of a single piece of ordinary stout 
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iron wire, twisted in the manner shown in the figure, 
the elasticity of the outer sides of the handle of which, 
a a', forms a strong spring, which exerts a pressure in 
the ringed legs c d towards each other, and thus keeps 
the tongs always closed until pressure is applied to the 
sides a a\ when the legs immediately open ; it is thus 
evident that the legs will hold anything (as a capside 
or basin d, or even aluminium plate) very tightly 
between their rings c dj and that, when the tongs are 
held in the fingers as shown by the dotted lines so that 
no pressure is applied to a a\ a little dish of boiling 
water thus clutched may be safely and easily taken from 
or placed over a spirit-lamp or Bunsen-bumer, the dish 
being set free in its required position by pressing a a! 
towards the inner handle b. For simplicity, cheapness, 
and cleverness of construction these tongs are, in my 
opinion, unparalleled. I cannot ascertain the inventor's 
name, which I trust is English ; but it ought certainly 
to be known and recorded. I bought several pairs at a 
shop near Argyll-place, Regent Street, for 4d. each. 
A penknife and flat file are often necessary : they 
require no description. A magnetic needle^ made by 
magnetizing a lady's large hair-pin as described in 
Chapter III., and swinging it on a silk thread. A steel 
(or platinum) spatula is sometimes useful. 

Glass Apparatus. 

The Cobalt-solution droppinff-bottle, Fig. 65 ; but the 
best shape consists of a little pipette with bulb-handle or 
top, passed through a cork up to the bulb into any ordi- 
nary small bottle (Fig. 66) . Chemists sell them, I believe, 
made of German glass, for a shilling each. The heat of 
the hand expands and drives out a portion of the air in 
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the bulb, and when the pipette is then (while the bulb ia 
warm) placed in the solution, a portion 
is drawn into the pipette by " capillary 
attraction," and into the bulb with the 
returning air, and is expelled, drop by 
drop, when the bulb is again warmed 
by the hand. The figure shows a drop 
in the act of falling into the bottle. 

Fig. 67, A Spirit-lamp. — This is the 
best form, made in Germany, and sold 
by London chemists for a shilling 
each. (I am in hopes that when a mil- 
lion of my artisan-countrymen take to 
Blowpipe analysis, all these apparatus 
will be manufactured in England still 
more cheaply, and a great trade thereby 
obtained.) a is a brownish, unglazed 
porcelain wick-holder, shown half the 
natural size in Fig. 68, which fits 
loosely into, and just below, the neck 
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of the blown-glass bottle A ; this latter is slightly ground 
outside^ 80 as to fit closely against the ground inner 
bottom of the glass cap b ; the tail of the plaited cotton 
wick (which should be pretty long, to suck up as much 
** spirit " as possible)^ is left lying loosely at the bottom 
of the lamp, which should not be filled with methylated 
alcohol above c. 

A droppinff and washing^bottle^ containing distilled 
water. Figs. 69 and 70, of exclusively Qerman manu- 




Fig. 69. 

acture now, though invented, I believe, by an 




Fig. 70. 

Englishman — Dr. Wollaston — is an indispensable 
accessory to the pyrologist who wishes to work in 
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a cleanly and correct manner. It consists, as will 
be evident from the figure, of a small globe of blown- 
glaes, drawn out at one upper side into a pointed 
beak or pipette, a, Fig. 70, which baa a neck 
carrying a cork and small bent-glass tube, h c, at its 
base. When required for dropping, the bottle is taken 



N 




Rg. 71. Kg. 72. Fig. 73. Fig. 74. 

Ui^ul iruihei of different Ititidi. 

Up between the thumb (underneath) and two first fingers 
(on either side of the neck), and held with the beak 
downwards, when, after a shake or two, the water 
will flow in drops only, occasioned by the partial 
admission of air through the narrow tube to t^e it« 
place in the bottle. When required for " washing " a 
small object, the bottle is held over it, beak down, and 
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the tube gently blown through by the mouth, when a 
minute stream of water will issue from the beak ; a 
large " subject " is washed by rcTorsing the bottle and 
blowing through the beak, when a comparatively large 
stream of water will issue from the tube. A very good 
" dropping-bottle " for cobalt solution or pure water may 
be extemporised (Latin ex, for ; and iempw, temporis, 
time) by corking an ordinary wide-mouthed bottle con- 
taining the fluid to be dropped with a cork having a 
glass tube passed through it into the solution. " If the 
tube is closed above with the finger, and withdrawn 
together with the cork, part of the solution will remain 
in the tube, escaping by drops when the finger is with- 
drawn " {Cornwall, "Bl. Anal.," 1882, p. 19). 




Kg. 76. 



Fig. 76. 



Pig. Ib.—CaptuUt {■aaixaal sizo), of pkUnium or aliimimnm, with a 
flattened piatoI-bulUt for keepii^ it down when scting M ft coyer 
for Berlin basiiu containing boiling BolutioiiB : Fig. 76, a Freiberg 
horn or brass capanle for transferring powdera or email particles to 
vessel* with contracted moatba. 




these have chemical 

. , BO that, when tamed 

over, the letters Me correctly exhibited through the glass. 



Fig. n.—6latt ilaii for keeping oiidea, &e. 
formulEe, fcc, engraved SJwiiPonfj ■ 



CHAPTER V. 

ON TEE STRUCTURE AND MANAGEMENT OF 

FYROCONES. 

The student has now got his lamp, blower, supports, 
and auxiliary apparatus all ready; but before com- 
mencing operations it will be necessary to imderstand 
the nature and action of the fiery agent — " the genius of 
the lamp *' — ^by means of which he is about to work, and 
to produce which he has taken all these pains. There is 
a great deal of truth in Griffin's remark (at p. 40 of that 
very excellent little book " On the Blowpipe," published 
in 1827, which immediately succeeded that of Berzelius, 
and preceded by eight years that of Plattner, but was, 
apparently, neglected by English chemists of the day- 
becatise it was English, and not written by a professional 
chemist) that the long '* explanations " regarding 
flame-structure, or rather candle-flame structure, to be 
found in most blowpipe manuals, " are very tiresome 
and very useless," and that, " in our opinion, correct 
notions respecting flame (Children) — such at least as 
can be got at the present time — are not, to the 
operator with the blovrpipe, worth the trouble of 
acquiring." In the transmutation or so-called " trans- 
lation," by J. G. Children, F.R.S., of the French 
translation of " Berzelius," a note extending over 
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several octavo pages of these "correct notions'' is 
given the unfortunate reader, in which the curious 
conclusion is eventually arrived at, that " the form of 
the flame of a common candle for instance, is conical, 
because the greatest heat is in the centre of the explosive 
mixture " (pp. 23-27). 

But, although a knowledge of the cause of structure 
of a candle-flame (still, by the way, an open question) 
is doubtless, as Griffin says, quite unessential to a 
knowledge of the proper use of the blowpipe, the same 
remark most certainly cannot be applied to a knowledge 
of the structure of the beautiful dark-blue cone of fire or 
pyrocone, instantly formed by the application of a 
proper blast to the side of this candle-flame ; and, 
fortunately, a few simple experiments, which can 
be made by the poorest mechanic in his garret in 
a few minutes, will place the anatomical structure 
(Greek anatome, dissection), of this pyrocone before us, 
as completely as a scalpel would display the structure 
of a lobster to Prof. Huxley. All the experimenter 
wants is a mouth-blower (Fig. 3), a common candle, a 
little spirit-lamp (Fig. 67), and a window (in daylight, 
but not sunshine). Experiment 1. Taking the lighted 
candle in his left hand, and the mouth-blower in his 
right, he holds the former steadily for a minute an a 
level with his eyes, in front of (looking through) the 
window ; he will thus plainly observe the heated-air, 
&c., undulations, rising like a faint waving cloud, from 
the candle-flame {a a\ Fig. 78). Now, keeping the 
candle in the same position, he sends a blast with 
his mouth-blower, the nozzle of which is kept in the 
position c, horizontally through these heated -air 
imdulations, about half an inch above the point of the 
candle-flame. If he possesses ordinarily good eyesight. 
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he will now observe the shape of the blast, paaaing like 
a phantom needle [b) across these heated-air undu- 
latioDB ; this line is evidently the space occupied by 
the minute but strong curreut of air from the blow- 
pipe, in which the heat waves are checked (and the 
line thus rendered visible), although they display 
very considerable velocity considering the small source 
of heat from which they emanate. Conclusion or Fa^t. 
The bkst fiuiii ^i blower has the form of a right line, 





the thickness of the diameter of the nozzle-bore. 
Experiment 2 The experimenter now advances the 
nozzle of his blowpipe carefully downwards, and 
towards the base of the right side of his candle-flame 
(still held on a level with his eyes), pointed just 
over the wick, as at c. Fig, 79, and projects a blast 
from his mouth. The blue pyrocone instantly produced 
from the candle. Fig. 79, is something like what he 
sees, the heat-undulationa, now invisible, taking the 
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form a a! , He can no longer, of course, see the blast, 
but sees plainly that it takes the position c b. By 
holding his candle a little lower and attempting to 
blow into the blue pyrocone (in which he can't succeed) 
he will easily observe a dark shadow (apparently) on 
the upper surface of the pyrocone, which is, in reality, 
the mark of friction (minute waves) caused by the 
blast passing rapidly over it ; just as a sudden, strong 
gust of wind passing over a perfectly calm sea causes 
an apparent shadow on its surface. It will, indeed, be 
evident to my students after a little close reflection 
(which has apparently never been vouchsafed to this 
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Fig. 79. 



matter before) that, if this fact — the non-penetration 
of the pyrocone by the blast — did not occur ; in other 
words, if the blast could penetrate the flame, there 
could be no pyrocone at all; for the blast would 
simply bore a minute hole right through or into 
the candle-flame, leaving it in its perpendicular 
position, just as it bores a hole b through the heat- 
undulations a a'. Fig. 78, and as it bores a hole into 
the thinner consistence of a spirit-lamp flame. Fig. 80. 
Conclusion or Fact. The blast does not penetrate the 
flame as ordinarily supposed, but produces (Latin pro, 
forwards; ducOy I lead), or draws forward its under 
or blue part in a conical shape. Experiment 3. The 
cause of this conical shape may be apparently ascer- 
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tained by a third experiment. Taking up the 1 
spirit-lamp io his left hand, and the mouth-blower in 
his right, the experimenter now directs a blast, from 
about half an inch distance, into the thin matter 
of the right side of the spirit-flame, Fig. 80. The 
shape of the blast is now again observed passing into, 
but not quite through, this flame, which has evidently 
a consistence more dense than that of the heat-undu- 
lations a a'. Fig. 78, but less dense than the candle- 
flame itself, which the blast cannot penetrate at all. 



I 




I Spirit-lB 



p Mame. 



The spirit-flame density, in fact, lies between these 
two ; and, consequently, the blast-auger bores some 
distance only into this side, pushing or driving out of 
the opposite side of its viscous substance a superficial 
or outside image of itself, b, Fig. 80. 

But the strango part of the matter is, that this blast 
is differently shaped from the first blast ! It consietfl 
of two lines meeting in a point and forming a cane, 
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whereas the first blast appears as two parallel straight 
lines, forming part of a needle. Now, we know it to 
be absolutely impossible that the form, or any other 
characteristic, of this blast should have altered, the 
conditions of blowing having remained precisely the 
same. We must, therefore, look into the surroundings 
(as I did in 1874) for the cause of this change. The 
conclusion I then arrived at, which still seems to 
me the most satisfactory one, is this ; and it is the 
only suggestion ever offered by any writer on Blowpipe 
Analysis as to the cause of the conical shape of the 
blowpipe " flame." 

A minute but strong current of air, like that projected 
from the nozzle of a blowpipe, creates a vortex (or 
small whirlpool) in the surrounding air. This vortex, 
which is of course invisible, draws in the impenetrable 
candle-flame, blown aside down to the blue part e. 
Fig. 78 ; turns it wholly blue (from a cause to be here- 
after adverted to) ; and necessarily converts it to its own 
shape — that of a finely-pointed cone c a i, Fig. 79. It 
is this cone which forces its way into the comparatively 
thin spirit-lamp flame, as b' Fig. 80, and the gyrations 
(Greek guros, Latin gyros, a circle) of which, being of 
the same gaseous constitution as the heat-undulations 
a a', Fig. 78, consequently combine with them, and 
cannot be there seen. 

Now let us mark the importance of a knowledge of 
this fact in the operations of Blowpipe Analysis. Ber- 
zelius, who started the " theory " of " an outer and 
inner flame " in the blowpipe pyrocone — which is still, 
in spite of the incontrovertible evidence to the contrary 
supplied by the above-mentioned facts, employed as an 
" explanation *' by writers on the Blowpipe — states 
(page 17, Whitney's translation, Boston, 1845) that 
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" when air is forced into the flame with the blowpipe, 
! flame appears directly before the 
isly an "optical illusion" caused 
by the angle of depression a i b, 
Fig. 81, under which ho viewed 
the matter. A triangle formed 
between the points — the plane 
of his eyes, the plane of the jet 
of his blowpipe, and his mouth 
whence the blast was delivered, 
Fig. 81, shows this clearly, 
although the sine of the angle h 
in the natural size is of course 
proportionally greater. Had 
he held his lamp -flame and 
blowpipe in the horizontal 
plane of visioQ, i.e. at the level of his eyes, aa required 
in experiment 2, he would have observed the appear- 
ance of the blast and pyrocone c b. Figs. 79 and 86. 
Had he even taken advantage of the depressed angle 
in which he viewed his pyrocone, and looked straight 
{lojcn upon it from above, he would have got a sight 
which must have at once convinced a man of his 
talents that the blast did -mt penetrate the pyrocone. 
Fig. 82, which is, in fact, a plan of Fig. 79, shows 





rig. 82.— (Boe also Pig. 89.) 
this ; d is the black or carbonised wick, seen through 
the hollow space formed naturally in all candle- 
flames, and shown in elevation at d. Fig. 78 ; h\% the 
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shadow-like friction caused on the surface of the pyro- 
cone by the action of the blast, as above described, 
the appearance of which has evidently led to the idea 
of an " inner flame." Now, it is evident that the wiok 
is here seen through the blast-space formed of a tranS" 
parent medium like air, and not through a blue hydro- 
carbonous medium like a blowpipe pyrocone, were the 
blast really, as Berzelius supposed, inside of the latter. 








Fig. 83. Fig. 84. 

All, or nearly all, rising heat radiation is also stopped 
— evidently by the superposed blast — though not in 
other directions. In order to confirm the supposed 
presence of encircling gyrations (c a' i. Fig. 79) sur- 
rounding the properly-made blovrpipe pyrocone, an 
extremely fine platinum wire (which possesses great 
" spring " or elasticity) is held perpendicularly to, and 
with its point touching one side of the pyrocone, when 
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a series of nearly vertical ellipses are described by the 
point (Fig. 83), showing that it (the point of the wire) 
is moved by some up-and-down force like that of a nearly 
vertical vortex, c a\ Fig. 79. If, on the contrary, the 
motion were merely a horizontal one, as Berzelius sup- 
posed, caused by the " flame " passing from right to 
left, it is evident that the point of the wire would 
describe a series of horizontal zigzags, as shown in 
Fig. 84. 

The same phenomenon can be further illustrated by 
holding a red-hot bead of phosphoric acid, or of lithium- 
carbonate, or of any volatile substance which affords a 
coloured flame as at a\ Fig. 79, or just under the base 
of the pyrocone, when, almost instantaneously, a 
** mantle " of that coloured light extends round the 
cone from the base c a\ to the point b, enveloping the 
whole pyrocone ; whereas a straight horizontal move- 
ment would only colour the side of contact. The above 
proofs will probably appear to the analytical mind con- 
clusive as to the formation of the blowpipe pyrocone 
by the compressing effect of a vorticose envelope of 
elastic heated air ; but the following experiment seems 
to me to afford a confirmatory " clincher " of that fact. 
If, as Berzelius suggested, the blast penetrated the 
pyrocone, the superposition closely over the base of the 
latter, but not touching it, of a platinum capsule C, 
Fig. 85, would and could make no difference in the 
pyrocone. But what is the result ? As soon as the 
capsule is so placed, the pyrocone is instantly lengthened 
from E to D ! Now this result could only be produced 
by squeezing an elastic gyrating envelope of this kind, 
and thus reducing its basic diameter ; for it is a well- 
known law of vorticose motion that the length of the 
cone is inversely proportional to the diameter of its 
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base ; or in other words, ia directly proportional to the 

shortness of its basic diameter. A B, Fig, 85, repre- 




sents the disc of a double fair and gas) pressure gauge 
or manometer {Greek manos, rarefied, and meter, a mea- 
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sure) ; for an exact proportion being absolutely necea- 
eary between the air-pressure (or blast) and the gas- 
pressure (or flame-bulk), in order to produce a proper 
pyrocone ; a roaring noise and broken pyrocone — 
proceeding from the violent destruction of the pointed 
end of the aerial vortex — indicate excessive air-pressure, 
or, popularly speaking, that " the blast is too strong; " 
whilst the opposite defect — excessive gas-preasure — is 
indicated by luminosity ; the gas flame turning lumin- 
ously upwards in spite of the eflbrts of the blast to 
keep it pyroconically horizontal. I thought, therefore, 
that with a supply pipe of given diameter, one end 
of the gas-tap, B, turning off the gas, might pass 
over any determined scale (say, of pyrocone-lcngths) 
on the disc, showing the required gas-pressnre ; and 
the other end A, turning on the gas in order to 
meet an excessive blast, over a scale showing the 
requisite air-preasure. Such " double manometers" 
would apparently be useful wherever gas blowpipes are 
used, and a single disc might be attached to blowers for 
oil or candle lamps. I fear these polemical details 
(Greek polemikos, controversial) may prove tedious to 
the student ; but it was nevertheless impossible for me 
to omit them, bearing as they do most essentially upon 
the proper management of the pyrocone and, therefore, 
upon the proper method of operating. It will be 
necessary now, however, to show the student how to 
use an ordinary mouth -blowpipe not provided with a 
valve, like that in Fig. 3 ; and this can apparently 
be done without using any anatomical expressions', 
such as the "musculi buccinatores " (cheek- muscles) 
of some authors (Trans. Plattner, p. 10). Get a 
lighted candle (Fig. 78) and a common mouth-blow- 
pipe; apply the thick end, or trumpet mouthpiece, of 
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tlie latter to tlie nearly closed lips, and the thin end to 
one side of the candle-flame ; puff out the cheeks and 
blow through the blowpipe on the candle, breathing 
through the nose strongly and audibly all the time ; 
when the breath in the cheeks begins to be exhausted, 
pronounce the word cow in your throat without open- 
ing your mouth, by which pronxmciation you will find 
your cheeks pufied out again, or, in other words, the 
cheeks replenished with breath as an air-reservoir. 

The student has now, fairly and honourably, by 
rational argument alone, arrived at the logical con- 
clusions [a] That the action of the blowpipe upon the 
flame of a candle or lamp produces, not '^ outer and 
inner flames,'' but only one solid cone of blue-fire, 
which, as it is obtained from a hydrocarbon (this word 
will be explained in another part of these 'Wessons," 
but all oils, candles, or coals are '' hydrocarbons"), must 
be composed of hydrocarbonous matter in a state of ig- 
nition ; and {b) That this hydrocarbonous pyrocone is 
closely surrounded or enveloped by gyrating, strongly- 
heated atmospheric air, which contains a gas called 
oxygen (another chemical term to be afterwards ex- 
plained). It is this '' oxygen " that forms what chemists 
call oxides (but which I have ventured to call pyr- 
oxides^ as they are here produced by the direct action of 
fire) on the surface of solid, but also in the interior, of 
very fluid assays. Now, it is evident, from the picture 
Berzelius gives of what he calls the " outer and inner 
flames/' that (betrayed by his scorn for blowing ap- 
paratus), the blast he produced from his mouth blow- 
pipe was not duly proportioned to the bulk of the flame 
he produced from his oil-lamp, or, popularly speaking, 
"was not strong enough for it." He only blew the 
flame feebly on one side, and, consequently, left what 
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he called " a brilliant part " — a part altogether dis- 
carded by later writers, as Fresenius, and Landauer, of 
Brunswick, neither of whom show any "inner flames" 
in their pictures of pyroconea, 
Landauer, indeed, draws a py- 
rocone precisely as I myself 
would draw it, and even exagge- 
rates my view, by showing a 
too-dark shadow or " ripple- 
mark " of the blast-friction on 
^ the surface of his blue pyrocone. 
3 When Berzelius developed the 
^ idea of the blast being itiside 
ffl the pyrocone, it was, of course, 
J' necessary to modify the logical 
a {and true) conclusion of his 
^ teacher. Dr. Gahn, and of the 
I celebrated chemist, Berj 
S who both asserted that the in- 
^ terior of the blue pyrocone is 
the proper position for holding 
an assay, if you wish to depri 
the latter of oxygen, or to " re- 
duce" it, for it ia obvious that, 
if it he admitted that this cone 
is filled with air by the blast, 
and, therefore, contains oxygen, 
such a position would ne 
ptifje an assay of oxygen ; 
Berzeliua, therefore, without a 
^Nj shadow of or attempt at reason- 
ing in support of his assertion, 
dogmatically states: "The blue flame was formerly 
regarded as the proper reducing flame ; this is, however. 
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imtrue, for it is the brilliant portion of the flame which 
causes deoxidation." 

When a proper pyrocone is formed then — that is, 
when the blast is exactly proportioned to the bulk 
of flame — whether of oil, candle, or gas-lamp ; but we 
shall take the last-mentioned of these as our example at 
present — it has the shape c d b (Fig. 86), the extremely 
fine point h being enveloped in a nearly inyisible pale- 
violet ellipse, d b a, of gases containing oxygen, due, as 
I believe, to the fact mentioned by Sir John Herschel 
{" Meteorology," p. 67), that " a vorticose motion in air 
recommences when finished, in the reverse direction to 
what it had before," the rationale (or reason) of which 
will be seen by referring to Fig. 79, b a. The fact can 
also be exemplified by sending, with a mouth-blower, 
a blast from a distance equal to the whole length of the 
first vortex, into a spirit-lamp flame, when the shape of 
a blunt inverted cone is impressed on the flame (a, Fig. 
80). It is evident, therefore, that if we hold an assay at 
b, Fig. 86, it will not only be intensely heat^, but 
chemically treated by dense air, which is a mechanical 
compound, containing oxygen, and by hydrogen, for the 
carbon-gas or carbon monoxide, (another word to be 
explained afterwards), to which the blue colour is partly 
due, must be considered to have been consumed in the 
passage from c to i. This point of the pyrocone is, 
therefore, called the oxidating or oxydising flame — in 
brief, O.F. — ^by former writers ; but to suit my views, 
I have slightly altered the symbol to O.P. for " Oxy- 
hydrogen Pyrocone." The position just beyond a, the 
extreme point of the secondary or violet cone, a by has 
been omitted by former writers (except Landauer^ who 
has adopted it from me) ; but finding it to possess extra- 
ordinary oxydising properties (the hydrogen having 
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been nearly conEumed), wbicli often are extremely use- 
ful, as in the case of testing Bublimates deposited on 
aluminium plate, I have given it a symbol, P.P., for 
" Peroxydising Pyrocone." The so-called "Reducing 
Flame," or E.F., is simply the gas or candle-flame 
treated with less air-pressure or a feebler blast, when, 
of course, a short vortex with large basic diameter 
is produced, but still not so feeble as that whereby 
BerzeKus merely turned bia " brilliant " lamp- flame on 
one side. This has the effect of producing a large, 
blunt pyrocone, (/ h, the outline in Fig. 87, which must 




whoUy blue, without any trace of luminosity in it. 
It has been proved to be solid, and being composed of 
hydrogen and carbon, without a particle of oxygen, has 
tremendous " reducing " power,; a bead of glacial phos- 
phoric acid itself, carefully held there at g for a few 
minutes, having a white, shining, metallic- looking crust 
composed over its surface, which can be picked off by for- 
ceps. Any position within this blue pyrocone, therefore, 
has been symbolised by me H.P. for " Hydrocarbonous 
Pyrocone," instead of R.F, for "Reducing Flame"; 
because, in the first place, many effects besides " reduc- 
tion " — such, for instance, as colouration of beads, and 
fire- colouration — are produced by this position of the 
assay ; and, secondly, the action of ignited hydrogen 
gas upon the assay, which exerts at least as much 
chemical effect upon it aa oxygen— though strangely 
omitted by all writers on Blowpipe Analysis — has duo 
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acknowledgment in this name. Figs. 88, 89, and 90 
represent these pyrocones obtained from a Berzelius 
oil-lamp. Recapitulation, — It must be remembered, 
then, that 

Any position within "the blue," 

as g Fig. 87, and Fig. 90 = H.P. 

„ from b to a, Fig. 86 . . . = O.P. 

and „ at or beyond 1, Fig. 88 . . = P.P. 




Fig. 90. 



CHAPTER VI. 

ox PTROLOOICAL REAGENTS, 

Berzelius tells us that " Cronstedt used only tliree 
reagents : soda, borax, and salt of phosphorus, devised 
by himself. These reagents are still in use, and among 
the great number of those which have been tried since^ 
not one has been found to replace either of these. It is 
singular enough that in the very beginning of this 
science, the very best reagents should have been hit 
upon." Singular indeed ! But the fact is, this often- 
quoted remark is quite unworthy of the deservedly 
celebrated writer : not less on account of the utter 
disingenuousness of its premises, than by reason of the 
entire carelessness (if not worse) of its conclusions. 
For Berzelius, in charge of the archives of the Academy 
at Stockholm, knew very well that in 1737, or twenty- 
one years before Cronstedt wrote anything, Cramer at 
Leyden had described exactly what Berzelius miscalled 
" Cronstedt's Blowpipe," with a hollow ball in the 
centre, and had mentioned that he (Cramer) then used 
borax and soda as fluxes (Margraff, of Berlin, having 
described " phosphor salt " afterwards), most certainly 
by the directions of the inventor of the chemical blow- 
pipe Von Svarby whose writings are (as Cronstedt him- 
self mentions), also "deposited" or hidden in the 
Stockholm Academy. Yet Berzelius has the con- 
science to write, or prevaricate, "Antony von Svarb 
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published nothing upon this subject, and it is not known 
to what extent be carried his researches ! " But Cron- 
atedt was a Swedish nobleman, whose family Berzelius 
" delighted to honour ; " and Von Svarb only a " com- 
mon" miner and "nature's nobleman," The student 
of Blowpipe Analysis will soon see, from what follows, 
either that Berzelius could not have tried other reagents, 
as he says be did ; or that hie powers of observing and 
assimilating facts have been extremely over-rated.* 

Borax and Boric Acid I as Reagents. 

(1) Both of these (about the same price — viz., 3d, 
per ounce, borax being generally in powder, and borio*] 
acid "in white scales; if ready fused, which is not mucK' 
more convenient. Is. per oz.), are treated in the same way 
on the platinum wire ring support (Fig. 37), in O.P., by 
taking up a little at a time from the agate slab with 
the red-hot riug, until a transparent colourless bead is 
produced in each case ; borax, after a little intumes- 
cence or swelling up, fuses at once ; but boric acid 
being very viscid, retains bubbles of air, steam, or other 
gases, which are with difficulty expelled ; and this fact, 
which seems merely an inconvenience to tlie careless 
"observer," is, in reality, of very great importance 

■ It will bo apparent to any competent investigator v 

leisure and patiisnco to collate the requiaite works at the Britialt 
MuBBVun, that Beraeliua only compiled or edited the first part ot tha 
work on the Blowpipe which bears bis namB ; the real author being 
undoubtedly hia teacher, Dr. Oahn. The work was puhliahcdin 1S2D, 
Gahn having died in 1S19 I It is now well known, bIbo, tbtit Qahn 
was the real (and, indeed, the admitted) author of the work on tha 
Blowpipe attiibuted to, and appropriated by, Bcrgmann 
pablished in a Germnu translation by Baron Bom, at Vienna. . , 

history ot Blowpipe Analysis woald expose some very queer facts «-'■ 
garding tic sctupuloaity of these and other " celebrated chemiatfl.*"" 
Von Svarh, Gahn, Harkort, and riattQi:r were the only 
erisinat writora on the Blowpipe. 

+ Introduced by the Author in 18(1D. 
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and value in showing the analyst, by the phenomenon 
called "effervescence," the presence of carbonic-acid 
gas (termed by chemists "carbon dioxide"), and also 
of sulphuric acid (as in " green vitriol " or " copperas ") 
in the assay when added to the bead in powder and 
treated by O.P. borax in such cases and conditions 
shows nothing, but merely dissolves the added powder 
without effervescence ; nitric or hydrochloric acid would 
effervesce with a carbonate (or assay containing carbon 
dioxide), but nx>t with a sulphate (or assay containing 
sulphuric acid) ; hence boric acid and a blowpipe in 
such cases are really invaluable, for another simple test 
soon distinguishes the two. (2) Borax being a com- 
pound of boric acid and soda, called by chemists " an 
abnormal sodium borate" (Valentin), the beautiful green 
pyrochrome afforded by pure boric acid before the blow- 
pipe, is completely obscured and " swallowed up " by 
the ** stronger " yellow, or rather orange, pyrochrome 
of sodium, which also obscures any pyrochrome of 
substances or assays added to its bead; but this is 
not the case with regard to substances treated in boric 
acid ; some of which, as copper, modify or alter the 
green colour of its pyrochrome to a surprising extent, 
enabling themselves thus to be detected in infinitesi- 
mally minute quantities. There is no other method, 
either in the " wet" or "dry" way (unless it be the 
spectroscope), which can detect with such certainty, 
such a minute trace of copper in a substance as this 
method can; whilst, as exactly 6 per cent, of soda 
completely obscures the green pyrochrome of an 
ordinary pure boric acid bead, and turns it yellow, 
the operator here approaches a quantitative analysis 
(Latin qtcantitas, quantity) as regards the amount of 
soda present. (3) Scarcely any substance except 
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platinum, and that class of metals, can be added to a 
borax bead in O.P., wMcb la not immediately and wbolly 
dissolved: if the substance be chromatic (Greek chroma, 
colour), and afford a coloured bead, it can certainly be 
thus detected by borax ; but only at the (very serious} 
price of preventing the detection of any other oxide or 
substance present with it in the mineral or assay which 
does not thus afford a colour, or which affords a colour 
inferior in brightness or depth to the other, and is 
thus obscured or " swallowed up " by it. Thus, in a 
qualitative assay by the blowpipe of the common 
mineral Smaltite, which is a compound of the metals 
iron, nickel, cobalt, and a trace of copper, with arsenic, 
after the arsenic has been "driven off by roasting," as 
much as possible, the remaining powder applied to 
borax before the blowpipe, affords only a blue trans- 
parent bead, hot and cold, which, even flattened on an 
aluminium plate and examined through a lens, is still 
only a blue bead. When this powder, on the contrary, 
is applied to a bead of boric acid under like conditions, 
the above-mentioned metals, which have now been 
changed by "roasting" on aluminium plate, from 
"arsenides" into "oxides," are seen to remain in the 
bead, utterhj insoluble, both by any further action of 
the blowpipe, and in boiling water afterwards; to be 
separated in the head from each other as easily dis- 
tinguishable, or totally different forms ; to " impart " 
no "characteristic colour " whatever " to the mass " or 
bead ;• and finally, to bo each so acted upon whilst in 
this separate state in the bead, by O.P. or E.P., 

* In nllueion to the crroneniia idea entertained by some c:henilsta, 
that — " Moat metallic osides dissolve in fused boron trioxideat a red 
heat, muny of them inipirting to the raa.RR chai^cteristic coloura ; 
hence this sabatance is mDCh naed in blowpipe analysis-" (It woa 
fift'sr tued in this way before I did so.) 
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as to slightly change its appearance, and thus afford 
fresh evidence for the detection of most of these 
insoluble "borates." A comparison of Figs. 91 and 
92 will render this different action of borax and boric 
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FigH. 01, 92.— AoBlyaiB hj Borax and Boric Add beads. 

acid Upon "oxides" added to them before the blow- 
pipe, sufficiently clear to the dullest student. 

A (Fig. 91) is a bead of borax on a platinum wire 
ring) to which a trace of well-roasted Smaftite powder 
has been added in H.P. ; as colours cannot be shown 
here, the Andrew's cross rejireacnts blue, a perpendicular 
cross represents violet, u dot iu the centre oi' an object 
represents hroren, perpendicular parallel lines greejt, 
and so on. B (Fig. 92) is a bead of boric acid, 
to which a trace of the same powder has been 
added under similar conditions ; both are supposed 
to be Tiewed through a lens. Mark the difference ! 
Instead of a jumbled solution of everything, in 
which any colours possibly given to the bead by 
other oxides are completely overwhelmed in blue, the 
colour bestowed upon it by cobalt, even if the latter 
were only one-fiftieth the quantity of the others ; we 
find the cobill present simply taking its place in the 
bead with other separated borates, as opaque, violet balls 



THE BLOWPIPE IN CHEM1STK¥, MINERALOGY, ETC. 

(those with perpendicular crosses in B ; the balls should 
be perfect aphericles, and not as they are represented in 
the figs.) ; thetraceofcop^i3rpresenti8atouce perceived 
by the brilliant blue-green, luminous pyrochrome, which 
instantaneously replaces the non-luminous yellow-green 
one always afforded by the bead itself, and by the one 
or two minute, black, opaque balls with coppery suffusion 
round them, seen in the left of B. The (generally) 
large percentage of iron is readily perceived by the pro- 
portionately numerous brown, opaque balls (those with 
a dot in the centre) surrounded by a rust-like matter ; 
and finally the proportion of nickel is surmised, and its 
presence easily ascertained, by the appearance here of a 
few green fragments (seen to be definite crystals in a 
microscope), which have been turned white, with a 
metallic lustre, by H.P., excepting one on the left, 
which has happened to remain green ; it must be re- 
membered that the whole of these reactions aredeveloped 
in one trace of the powder. Besides these indications, 
combined, or chemical water in the mineral, is shown 
(almost quantitatively) by a grey opalescence pervading 
the whole bead ; an indication not apparently afforded 
by any other method of analysis "wet" or "dry." 
"When this "combined water," which can be proved 
to exist in every known mineral, even in the so- 
called " anhydrates " (Greek an, without, and hudor, 
water) and in rock crystal, that is, "pure" sihca, 
renders the bone acid bead so opaque that the 
contained balls and fragments, &c., cannot readily be 
perceived even through a lens, the process of " vesi- 
culation," — or blowing the small bead as a glass-blower 
would, into a comparatively large " vesicle " or bladder 
— must be resorted to ; or else the bead must be boiled 
in distilled water, and the insoluble contents treated in 
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VESICULiTIOW. 

a. fresh l>ea<l — a much longer and more tedious a&ir. 
This process, devised by me in 1867, is very easy, and 
almost as amusing as " blowing soap-bubbles," for the 
vesicles are extremely thin, and therefore possess the 
same iridescent colours, consequent upon light " inter- 
ference ; " — it would not, however, bo fair to mention 
the distinguished philosophers I have thus seen " blow 
ing bubbles " at my house 1 The operator must have a 
spare mouth-blowpipe, from which tho nozzle (B, Fig. 



Fig.s 



—A VeBide abowing lii separated Borataa (natural site). 



1) has been removed, ready at his right hand ; the bead 
is taken, red-hot from O.P. by the left hand, and a 
moderate but rapid blast sent through the platinum- 
wire ring from the jet (A, Fig. 1) before it cools. Fig. 
93 (natural size) is something like the result, only very 
much larger vesicles than this will be blown, especially 
by the beginner. It will be evident from a synchro- 
nous (Greek sua, together, and ckronos, time) or simul- 
taneous examination of Figs. 92 and 93, that these 
insoluble borates can be very much more easily per- 
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ceived and identified in the vesicle than in the bead. 
Vesicles are also chemically useful, as in detecting traces 
oijbwrvmy and in the detection of certain gases, as 
H2S., facts to be afterwards explained with reference to 
this Fig. If these separated borates (with the excep- 
tion of the chemical- water borate) are desired by the 
operator so as to be weighed separately in an " assay 
balance," all he has to do is to throw the bead, or quicker 
still, the vesicle, wire and all, into the little capsule, 
full of boiling distilled water, which he has ready (H, 
Fig. 21). The boric-acid bead itself is rapidly thus 
dissolved, but the insoluble borates, whether in balls 
or fragments, are found at bottom of the capsule, and can 
be obtained dry by first carefully decanting a portion of 
the water, and then upsetting the capsule upon a pad of 
clean white blotting paper, whence the dried borates may 
be picked up with forceps, or brushed with a small hair 
pencil into the pan of the balance. They can also be 
obtained by decanting and adding distiUed water until 
no free boric acid is left in solution, and gently evaporat- 
ing the water left in the capsule. Surely these enormous 
advantages possessed by boric acid, far more than 
counterbalance its single disadvantage of not being quite 
so easily fusible before a mouth-blowpipe as borax is P 
As this is intended to be a complete treatise on the 
elements of blowpipe analysis I shall nevertheless, where 
such a course is useful, detail the blowpipe reactions of 
borax, &c., with minerals, selected and condensed from 
the notes of some of the best workers at Freiberg Uni- 
versity ; and it must be remembered by the student 
that he has only to add the proper proportion of soda 
before the blowpipe, in order to convert his boric-acid 
bead into a bead of borax, and thus obtain all its re- 
actions afterwards, in addition to those previously 
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obtained, of the former. Thus, if he fuses on bead B, 
the proper amount of soda in O.P., so as to melt the 
whole of its contents together, it is obvious that he will 
obtain a simple blue bead as A. He, therefore, need not 
take borax with him on his travels, but only boric acid 
and soda separately, wherewith to make borax after- 
wards, and thus obtain its colour reactions. 

The following Table, by one of our most accom- 
plished chemists, of the "bright" or flame-lines afforded 
by some important substances to the spectroscope, will 
be foxmd most useful to those who can afford to 
purchase that instrument. Fig. 94 is a " Spectrum 
Lorgnette," by means of which a small spectroscope 
(made by Browning of the Strand, London) may be 
attached to the head like a pair of spectacles, and the 
lines thus observed by the operator while he is pro- 
ducing them with his blowpipe. 



T5" 




Fig. 94. — Ko88*8 Spectmm Lorgnette. 
(Introduced in 1874.) 
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Fig. 96. Fig. 97. 

Spectroscope Lines or ''absorption bands" in Ga Borate Balls. 

Fig. 95 Did3rmium. 

„ 96 Yttrium and Erbium* 

,,97 Uranium. 

N.B. — Lines of the Solar Spectrum are prolonged. 



How to obtain Absorption Bands. 

Spectroscopic dark lines (Figs. 95,] 96, and 97), or 
''absorption bands" (so called from the supposed 
absorption of the light examined, leaving a shadow 
or dark hiatus in its place) are obtained as follows : 
The assay, except for Cerium, Didymium, and Lan- 
thanum, which themselves form clear balls in B. 
acid, is made of a calcium borate ball the size of 
a largish pin's head, extracted from its bead by 
boiling. The ball having the substance dissolved 
in it, is taken between the points of forceps, Fig. 
40, and held there by slipping up the band which keeps 
the legs together. The forceps, having the ball between 
its legs, is placed with its hilt inserted between the 
leaves of a thick book, placed standing on an end on a 
table, with the back towards the examiner, so that the 
forceps stands upright, and with the ball, maybe slanted 
towards or from him, as may transmit the greatest 
amount of light from a window, open if possible, in front. 
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Table 

A Bead 

A Glass 
Al Plate 
AlsOs 
Ag28 . 
Ab^Os . 
A83O3. 

B.Acid 
Bd. . 
BbOs . 
BaO . 
Blk.Blkg 
B. B* . 
BeO . 

Bi203 . 
C 

CaF2. 
CaO . 
CaB204 
Garb.. 
Col. . 
CoO . 
Cop. . 
C02 . 
CuO . 
C119O. 
c/c 

Darkg. 
Dec. . 
Decrs. 
Diss. . 
DiO . 
Effec. 
ISfis* • 
ErO . 
E. P. (or " 



FeO . 
Pe20s 
Fragts. 
G,B. . 
GIO . 
HgO . 
H2O . 
H2O2. 
HF . 
HNO2 



II, — Useful Contractions and Symbols. 

. The largest amount of flux fusible on a wire 
ring of ^ven diameter. 
„ smalleit ditto, ditto, ditto. 
For Aluminimn plate. 

Alumina. 

Sulphide of silver. 

Arsenic acid. 

White arsenic. Arsenious oxide. Sub- 
limate of arsenic. 

Boric acid. 

Bead. 

Boron trioxide. (Boric acid.) 

Baryta. Oxide of barium. 

Black. Blackening. 

Before the blowpipe. 

Oxide of beryllium or glucinum. 

Bismuth trioxide. 

Charcoal. 

Fluorspar. 

Lime. 

Calcium borate (lime balls). 

Carbonate. 

Colour. 

Oxide of cobalt. 

Copious. 

Carbon Dioxide. Carbonic acid gas. 

Oxide of Copper (blackj. 

Suboxide of copper (red). 

Per cent. 

Darkening. 

Decomposed. ' 

Decrepitates. 

Dissolves. 

Oxidb of Didymium. 

Effervescence. 

Effervesces. 
„ Oxide of Erbium. 
Mantle*') . „ Ellychnine pyrochrome (Greek Eleueh' 

nion, a wick) made by touching the 
wick with the hot assay. Colours the 
• whole pyrocone. 

Iron monoxide. 

Iron sesquioxide. 

Fragments. 

Glass bulb. 

Oxide of beryillium and glucinium. 

Bed Precipitate. 

Water. 

Hydroxy 1, or hydrogen peroxide. 

Hydrogen fluoride. Hy^ofluoric acid. 

Nitric acid. [drogen. 

Hydrogen phosphide. Phosphuretted hy- 



»> 

» 

19 

It 
91 
11 
11 
11 
11 
11 
» 
» 
>» 
H 
11 
11 
11 
11 
It 
11 
11 
19 
19 
11 
11 
11 
91 
19 
11 
19 
19 
» 



11 
19 
91 

11 
11 
>» 
19 
11 
» 
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HsN . 


For Ammonia. 


H2S . . . 


» 


Hydrogen sulphide. (Sulphretted hj- 
drogen). 


H3SO4 


>> 


Sulphuric acid. 


H.P. . 


» 


Hydrocarbonous pyrocone (old H.F.]. 


Ins . 


• >> 


Insoluble. 


Irid. . 


• it 


Iridescent. 


KHCO3 . 


• >» 


Potassium carbonate. "Potash." 


KH8O4 . 


»» 


Acid potassium sulphate. 


liaO . 


• »» 


Lithium oxide. Litbia. 


Mag.. . . 


• »» 


Magnetic. 


Mete. 


»» 


Metallic. 


MgO. . . 


»» 


Magnesia. 


M0O3 


• »» 


Molybdenum trioxide. Molybdic acid. 


NaaCOa . 


t* 


Neutral Sodium carbonate. ** Soda." 


O.P 


»» 


Oxyhydrogen pyrocone (old O.F.) 


Op. . 


i> 


Opaline. 


Opq. . 


• >» 


Opaque. 


p.c. 


»» 


Pjrrochrome. 


P.P. . 


»» 


Perox^'dising pyrocone. (So old name.) 


P.B. acid . 


»» 


Phosphoboric acid. 


P. acid . 


»» 


Phosphoric acid. 


P. salt 


>f 


Phosphor salt. 


Prop. 


»> 


Proportion. 


Pt. wire 


»> 


Platinum wire. 


Red. . 


• i» 


Reduced. 


Bedh. 


it 


Reddish. 


Satd. . 


it 


Saturated. 


SiOa . 


»» 


Silica. Silicic acid. Qaartz. 


Soln. . 


• >» 


Solution. 


SO2 . . . . 


)} 


Sulphurous acid. (Sulphur " Fumes."} 


Sp. gr. . . . 


»> 


Specific gravity. 


Subt 


tt 


Sublimate. 


SofEh. 


' »> 


SufTusion. 


Temp. 


»> 


Temporarily. 


Thr 


• » 


Through. 


TiOa . . . . 


it 


Titanium dioxide. Titanic acid. 


Transp. 


it 


Transparent. 


U3O3 . . . . 


tt 


Uranium trioxide. 


Vg 


tt 


Yanishing. 


Vol 


it 


Volatilised. 


VO3 . . . . 


tt 


Vanadium trioxide. Vanadic acid. 


Wht . • . . 


tt 


White. 


WO3 . . . . 


it 


Tungsten trioxide. Tungstic acid. 


Yel 


tt 


Yellow. 


ZnO . . . . 


it 


Zinc oxide. 


Zr03 . . . . 


it 


Zirconium trioxide. Zirconia. 



Following is a table (III.) to which the student 
will often have to refer, and which explains itself, of 
the reactions of pure oxides in boric acid, supposed to 
be viewed through an ordinary lens. 
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The student, having carefully studied the preceding 
table, blowpipe in hand, with what chemically pure 
oxides he can procure, will be in a position to proceed 
to the consideration of other less important reagents. 



CHAPTER VII. 

OK REAGENTS AND SIMPLE MINERAL ANALYSES^ 
" GLACIAL PE08PH0RIC ACID,"* AND FEOSFEOR- 
SALT AS REAGENTS. 

Pure phosphoric acid is so deliquescent (Latin 
deliqtiesco, I dissolve) , that is, absorbs moisture from 
air, that it cannot be moulded into blocks or shapes as 
generally supposed, so as to remain solid for any 
length of time, even in a well-stoppered bottle. What 
we in this country receive from Germany as sticks of 
'^glacial phosphoric-acid^' contains, therefore, about 
(I do not know the exact quantity) 10 per cent of soda, 
to enable the makers to ''cast" it in sticks; without soda 
it is also too volatile to make a bead. The well-known 
English manufacturing chemists, Messrs. Hopkins and 
"Williams, of Hatton Garden, have cleverly attempted 
to remedy this defect by manufacturing ammonium- 
phosphate, from which the ammonia might be pre- 
sumed to be volatilisable (Latin volatilise flying) by 
heat, leaving pure phosphoric acid behind, and they 
were so kind as to give me a little to try with the 
blowpipe ; but I found, as Mr. Williams pointed out, 
that a certain proportion of the ammonia cannot be 
volatilised per se, so that it is really a matter of serious 
doubt whether in microcosmic salt (now called phos- 
phor-salt, which is a double phosphate of sodium and 

* Introduced by the Author in 1869. 
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amraonium), " the ammonia is wholly volatilised, leaving 
sodium metaphosphate behind," as chemists assert. 

But in any case, the stick " glacial " P. acid (the 
acid sold in blocks or masses will not do for these 
purposes), especially if the hot bead is dipped into pure 
deliquesced phosphoric acid before use, is an immense 
improvement upon P. salt as a blowpipe reagent, 
whilst fusing quite as easily B.B. on platinum wire, for 
the following reasons: (1) Instead of the eternal 
"blue, hot, and cold," which P. salt as well as borax 
affords with any proportion of oxide of cobalt in O.P. 
and H.P., glacial P. acid produces, with the minutest • 
trace of that oxide, a faint pink colour, which is blue 
hot ; with more oxide, a magnificent red violet (quite 
equal to the beautiful aniline dye of that tint), which 
is also blue hot. Now, if my estimate of the natural 
acuteness of English artisans is correct, my pupils will 
have already surmised the advantage of using a reagent 
which, evidently, the addition of an alkali (for P. salt 
contains far more alkali than " glacial " P. acid does)^ 
converts from pink or red, into blue. In short, it is evi- 
dent that if you treat any mineral powder containing the 
alkalies potash, or soda, or lithia, as a constituent, in a 
thus-made pink P. acid bead in O.P., the rapid solution 
of the alkali in the bead will turn it to a bluish 
violet, blue violet, or blue colour, on cooling ; of a 
depth or faintness of *'tone" proportioned exactly 
to the quantity of alkali contained in the mineral. 
In fact, this pink bead is a little alkalimeter in itself. 
(Arabic al-kali, alkali, the reverse of acid ; and Greek 
metroUy a measure.) (2) The two " earths," silica and 
zirconia, are entirely insoluble in a P. acid bead when 
treated with P.P., and nearly insoluble in O.P. of a 
hot gas lamp, especially when the bead is dipped in pure 
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phosphoric acid, whilst every other oxide is, more or less 
rapidly, thus dissolved. So treated, it forms an ex- 
cellent reagent, not only for detecting silica in any 
combination, but for giving you some idea of the 
qwmtity present, after your judgment is sharpened by 
practice. P. salt is used in this way (an invention of 
Gahn) ; but is very inferior to P. acid, as the complete 
solution of any quantity of silica present in a mineral 
by the large amount of soda contained in a propor- 
tionate bead of P. salt before the blowpipe, is a mere 
question of heat or time. For instance, fine powder of 
the mineral Cyanite, which is half silica and half 
alumina, can be completely dissolved in a bead of 
P. salt by a hot gas lamp P.P. in a few minutes, and 
by a good O.P. of a mouth-blowpipe, in a quarter of an 
hour. (3) As hot glacial P. acid effervesces in blood-red 
bubbles by itself, with a trace of manganese, the use of 
nitre as a separate reagent for this purpose (advised in 
all books on Blowpipe Analysis) is obviated. I get my 
glacial phosphoric acid from Wooster, chemist, Tum- 
ham-green, W. (6d. per oz.). The sticks should be 
broken up into small fragments, each the size of a pea 
or large bead (I got a confectioner to cut mine up with 
his sugar-cutters), and kept in a wide-mouthed stop- 
pered bottle for use. Soda and Potash (in reality di- 
carbonates of these metals) are indispensable as re- 
agents. Potash must be kept in a small wide-mouthed 
stoppered bottle, on account of its deliquescence. Both 
are very cheap — ^half an ounce of each is an ample 
quantity to obtain — ^and the commercial soda (sodium 
carbonate) is generally pure ; but I have purchased car- 
bonate of potash from a respectable druggist in Netting 
Hill seriously adulterated, apparently with lime ; it left 
a thick insoluble sediment in pure water. Test any 
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residue from the solution of either in distilled water, 
in boric acid O.P. Pure Lime, for detecting traces of 
alumina with boric acid, as calcium borate ; best kept 
as fragments of clean eggshells (washed with distilled 
water, but on no account with a solution of soda or 
alkali) which are to be calcined in O.P., supported in 
Pt. tongs (Figs. 32 or 33) and powdered on the agate slab 
immediately before use. Pure Tungstic Acid, for 
detecting traces of phosphoric acid in minerals, &c. 
(sold as a yellow powder cheaply, in very small quanti- 
ties, by analytical chemists). Pure Titanic Acid, for 
detecting traces of boric acid in minerals, &c. (sold as 
yellowish white powder, cheaply, by chemists) . Both of 
these can be kept in the penny corked bottles. Cobalt 
Nitrate, sold cheaply in pink crystals. Some of these 
are to be dissolved in 10 parts of distilled water (by 
weight) and kept in the dropping bottle (Fig. 66) for 
use. The crystals should be carried or kept in a well- 
corked or stoppered bottle. Potassium Bisulphate 
(hydrogen, or "acid" potassium sulphate), 4i parts 
used with 1 part powdered fluor-spar, for detecting 
boric acid. Sold cheaply by all scientific chemists in 
small bottles for this and other purposes. Fluor Spar, 
to be used as above described. Potassium Iodide and 
^* Flowers of Sulphur," equal volumes of each, well 
mixed ; used in Von Kobell's test for detecting bismuth. 
Test Papers (should not be placed in contact). 

1. Blue Litmus, for testing acids in salts, &c., by 
turning red when moistened and applied to them. 

2. Red Litmus, for testing alkalies in salts, &c., by 
turning blue when moistened and applied to them. 

3. Turmeric paper — ^yellow: turned reddish-brown 
by alkalies ; a peculiar red by boric acid ; and orange 
by zirconium solutions. 
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4. Brazil-wood paper — red : turned straw-yellow by 
fluorine. 

Manganese Sulphate, a cheap salt, in pink crystals^ 
may also be kept for detection of baryta, &c. Mag- 
nesium "Wire, sold in flat strips, by the inch, for detect- 
ing phosphoric acid. Indigo Solution, kept in a 
hollow glass prism, for detecting traces of potash in 
presence of soda in coloured flames. 

Oxide of Copper, for detecting chlorine by the 
azure-blue, compound pyrochrome aflbrded (a discovery 
byGahn). See Table VI., 14— 5. 

If you fuse copper oxide with a metallic chloride on 
a B acid bead, even in O.P. it is immediately rediwed to 
metal (copper) as long as the chlorine lasts ; but if you 
similarly treat a sulphate, green transparent balls (cupric 
boro-sulphate) are formed in the bead. 

Gypsum, for detecting carbon. Heat the substance 
made into a paste with gypsum on Ag. foil (or a shil* 
ling) in O.P, If C is present, a black or broton stain 
will be left on adding water. 

Potassium Pyrotungstatb, made by fusing K car- 
bonate with WO3 in O.P. on Al plate, imtil all effer- 
vescence has ceased ; for detecting phosphoric acid in 
minerals, &c. 

Silver Foil (a clean shilling will do), for detecting 
sulphur in sulphates by the black stain the sulphurous 
substance gives it with a drop of water, after a candle 
— H.P. on C slip. 

N.B. — ^All beads are best disengaged from the pt. wire, by holding 
them perpendicularly downwards in O.P. oyer the Al tray. 

For the reactions of glacial phosphoric acid (which acts as a 
dilute acid when held in P.P.), see Table YI., column 6. 
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CHAPTER VIII. 

FIRST OPJERATIONS.—ALUMINIUM'FLATE HE ACTIONS 

OF MFTALS AND ALLOYS. 

Pyrologists can mucli more easily and cheaply make 
or procure specimens of pure — or approximately pure 
— metals than they can obtain pure oxides — ^as, for 
instance, by putting a strip of zinc in a vinegar solu- 
tion of lead, in order to obtain pure lead ; and I would, 
therefore, recommend the student to keep as nearly as 
possible a complete set of the former (except, of course, 
sodium^ potassium, and such unkeepable and expensive 
metals, which, however useful elsewhere, are of little 
or no interest here) in the small glass bulbs, B, Fig. 29, 
which he will also require for analytical purposes. The 
cork must be lettered at top, or on the side, with the 
chemical symbol of the contained metal — as Zn for 
zinc ; Zn + Pb for an alloy of equal parts of lead and 
zinc, &c. ; and if the collector is " a neat-minded man'* 
(as most pyrologists are); he will, doubtless, "fit up" 
an old seidlitz-powder case as a " cabinet," with shelves 
made by scissors, pasteboard, and gum, forming little 
"pigeonholes," in which the labelled cork of each 
bottle, wrapped in cotton wool and stuffed into the 
holes, is apparent. Any pure oxides he can afford to 
buy can be similarly labelled and kept (in rather larger 
tubes) as WO3 for tungstic acid, &c. An " ink-eraser" 
takes out these labels when fresh ones have to be writ- 
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ten. In the Tables (III. and YI.) he has an alphabetical 
list of the reactions of pure oxides, and also of combi- 
nations in boric acid and other reagents ; and I have 
iiow the pleasure to insert here — the first ever given to 
students of Blowpipe Analysis — a "pictorial table/' 
which can be consulted graphically or referentiallyy of 
the reactions of approximately pure metals, and some 
of their alloys, on naked aluminium plate, before the 
pyrocone of the hot-gas lamp. Fig. 21. These he had 
better go through carefully with his blowpipe and 
aluminium plate himself, if he wishes to have a thorough 
knowledge of the combined sublimates of the volatile 
metals and their alloys with which he will meet in after 
practice. 

Before giving a description of these cuts, however, 
it will be necessary to enter into some detail as to the 
rationale of the aluminium plate reactions, and the best 
way of using the plate itself. The curious circum- 
stances which led me, in 1871, to its discovery as a 
blowpipe support were detailed in a paper read before 
Section B of the British Association at York in 1881. 
I need not, therefore, refer to them here, further than 
to mention that the blowpipe experiments of 1871 led 
me then to conclude that there was reason to doubt the 
received opinion among chemists and metallurgists that 
the relative heat-conductivity of aluminium among 
metals is only 6, silver being first ; or, " taking 
the mean conductivity of silver as 1,000, that of 
aluminium is only 665.*'* The under-mentioned 
writers, also, do not seem (or, at all events, I can- 
not obtain an account of their having seemed) to have 
detected the connection there undoubtedly is between 

* Calvert and Johnson, PhiL Trans., 1858, p. 349 ; also Wiede- 
mann and Franz, Fogg, Annah, LXXXIX. 497. 
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heat- conductivity and the fusing point in metals. 
^Vhen I found in 1871 that my " aluminium plates " 
I'esisted the utmost heat of the blowpipe which I was 
Fible to bring to bear upon them, although aluminium 
was stated to have a low fusing point among metals, I 
could not help attributing the fact, perhaps erro- 
neously, to its extraordinary power of heat-conduction, 
which is certainly far beyond that of silver (placed first 
in the Philosophical Transactions of the Royal Society), 
as thus expressed in my work, " Pyrology," 1875, p. 63. 
"Aluminium seems to possess the same immunity 
from pyrological injury which platinum has, for exactly 
opposite reasons. Platinum conducts heat so slowly 
and with such difficulty, that the whole of the piece of 
foil cannot be raised to the degree of heat necessary to 
insure the fusion of any point of it where the greatest 
heat is applied ; while in the case of aluminium, the 
conduction of heat is so .rapid through the whole mass, 
and from it to the pliers or holder (which should also 
be made of a good conducting metal, as iron), that, in 
like manner, communication to the whole fragment, of 
a degree of heat sufficient for the fusion of any one 
point, cannot be concentrated on that point." It may 
be objected to this hypothesis (Greek 'vpo, beneath, and 
tithemi, to place), that bismuth and tin, the conductivity 
of which (according to Calvert and Johnson, loc. cit.) ia 
even feebler than that of platinum, have a lower fusing 
point than any other metal (Daniell and Person); but 
this seems to me rather a confirmation of the law, for 
it is readily imaginable that, if heat-conductivity is next 
to nil (Latin contraction of nihil, nothing) in a metal 
such as bismuth, fresh accessions of heat concentrated 
upon a single point, must either fuse it instantaneously, 
or bum it slowly away like charcoal. 
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But whatever be the cause of the non-fusion of alu- 
minium before the blowpipe, there can be no possible 
doubt that the surprising results obtained from assays 
thus treated upon it^ constituting its chief value as a 
blowpipe-support, although not yet quite perceived by 
some writers on the subject, are wholly due to its enormous 
powers of heat-conductivity. It seems odd, for instance, 
that Landauer, of Brunswick (or, rather, his translators), 
did not see this when they made the strange mistake 
of supposing that '' the sublimate is thicker on alumi- 
nium than on charcoal, because the first-mentioned 
support does not become so strongly heated,'' &c./ the 
fact being, that the part of a charcoal support where 
sublimates are deposited is positive ice in comparison 
with aluminium plate when in use, the whole of which 
becomes so hot as to severely bum the fingers of the 
incautious operator (see Fig. 25, a). The best plan, 
therefore, will be to give here a correct account of the 
supposed advantages of aluminium plate as a support 
for volatile assays over charcoal, or any other; with 
what I believe to be the rationale or reason of the same. 

1. Pure oxidation of an assay can be perfectly carried 
out on the bare plate ; whereas it is a simple impossi- 
bility on charcoal. 

2. The blowpipe treatment upon it, of such metals as 
arsenic, antimony, &c., is perfectly harmless to alu- 
minium ; whereas it instantly ruins platinum or any 
other metal. 

3. In subliming volatile metals B.B., the sublimates 
are partly blown away by the blast from the horizontal 
surface of charcoal ; whereas they are completely caught 

* Die Beschlage setzen sich auf der Aluminiuiii-platte in dickeren 
SSchicliten ab als aul Kohle, &c. — JDie Lothrohranalyae, Zweite Auflage, 
Berlin, 1881, p. 28. 
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by, and deposited upon, the vertical surface of the 
aluminium plate, which is out of the blast-direction, 

4. Charcoal being almost a non-conductor of heat, 
sublimates deposited upon its cold part are, when 
treated by O.P. or H.P., subjected to the whole heat of 
the pyrocone concentrated upon that spot, and, conse- 
quently, allf without distinction, volatilise; whereas 
the pyroconical heat is so rapidly conducted away from 
beneath sublimates deposited upon aluminium, that 
some (as arsenic) volatilise, whilst others (as antimony) 
remain ; thus constituting an extremely valuable dis- 
tinction, and, indeed, separation between the pyroxides 
of these metals. 

5. It is very often necessary to scrape off some of the 
sublimate with a penknife, in order to subject it after- 
wards to the additional test of some reagent (as boric 
acid) B.B. This, which is a very simple matter with alu- 
minium plate, the operator obtaining the pure pyroxide 
thereby, is almost an impossibility in the case of char- 
coal, as what little sublimate is left, is adulterated with 
charcoal-dust (containing silica, calcium-phosphate, 
&c.), which has a powerful reducing effect in after 
treatment. 

6. Pyroxides or sublimates thus obtained upon alu- 
minium (as, for instance, that of lead) can be easily 
made into "the best metallic paint," as they are 
deposited in the finest possible powder, and require no 
" grinding." 

7. The fixed sublimates from volatile metals, which 
comprise the greater number, can be oxidised, " per- 
oxidised," and " reduced," as often as the operator 
pleases, on aluminium plate, affording distinctive re- 
actions every time; and, by alloying the metals with 
certain proportions of pure lead, and treating the alloy 
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in a charcoal ''slip'' (^^g* ^^)f sublimates may be 
easily obtained from the ''fixed" metals, as gold, iron, 
cobalt, &c., and treated as above mentioned. All this 
is of course impossible with a charcoal support. 

8. Many volatile metals, as the accompanying pic- 
torial table shows, afford sublimates when treated per 
86 B.B. on the bare plate, whilst others, before the 
mouth-blowpipe, will only yield a subUmate when 
treated on the C-slip (Fig. 25, B). It is evident that a 
valuable process of separation can be thus again effected, 
heretofore impossible. Constituent sublimates in allays 
are evolved in the order of their volatility. 

9. The pyrological use of aluminium plate has 
induced the discovery of a black sublimate from almost 
all these (volatile) metals, heretofore undiscemed on the 
black charcoal; whilst other fixed metals, as aluminium 
itself, produce black fragments when treated B.B. in 
boric acid. It is not easy to withstand the conviction, 
therefore, that old writers had some, grounds for the 
names " semi or imperfect metals " they applied to 
these volatile substances, the black sublimates of which 
are invariably next the assay metal itself — ^torn from 
its very core as it were, by the point of the pyrocone — 
and, if oxides at all, are in the lowest state of oxi- 
dation. 

10. Soda and potash, &c., when treated B.B. on bare 
Al plate in small masses, assume the spkerical shape, 
and are quite easily detached as a ball when the plate is 
cool, instead of lying in a little pool when fluid, and 
being scarcely at all detachable when cold, except by 
scraping with a penknife, as is the case with these 
reagents when fused B.B. on platinum. This is an 
immense advantage, enabling the operator to oxidise 
and reduce the reagent and its contents as though it 



104 THE BLOWPIPE IN CHEMISTRY, MINERALOGY, ETC. 

were a " bead '' on pt. wire, and allowing him at once 
to dispense altogether with the use of the expensive 
" platinum spoon." The rationale I believe to lie in 
the fact that, from the rapid heat-conduction of the 
supporting aluminium, the whole mass above it is 
exposed to an equal amount of heat, and consequently 
is all equally fluid at the same time, so that all its par- 
ticles or molecules are able to follow the great law of 
cohesion of liquids, by which the spherical form is 
assumed, as '^ that in which the mean distance of all 
parts from the centre of a mass is the least " (F, Guthrie, 
F.R.S.). In the slow-conducting platinum, on the 
contrary, the whole under part of the alkaline mass is 
comparatively cool, and the force of adhesion overcom- 
ing that of cohesion, the soda or potash is spread out as 
a little pool over that part of the platinum which had 
become red-hot. 

Explanations of Cuts in Table IV. 

A. Sublimateof Native Arsenic. — a, black, shining, 
tar-like ; J, grey, semi-metallic, with shining, minute, 
metallic balls, and iridescent streaks ; c d dull black, 
shading oflF to dark grey ; remainder white. B. Zinc. 
— a, brown, with pale yellow border ; b, white. Bg. 
Zinc Sublimate after long H.P. — a, brownish orange ; 
b 6 b, lemon yellow border ; al, al, al, spots of aluminium 
plate exposed by complete volatilisation of the subli- 
mate ; Ct white, rounded by P.P. C. Alloy of Zinc 
and Lead. — a, black, thin; b, faint, iridescent. D. 
Antimony. — a, mark of O.P. on white sublimate ; J, the 
same after P.P. ; cf, black sublimate ; rf, the same after 
P.P. E. Alloy of (A) + (D). — Strong garlic smell 
at first in O.P. No black sublimate above ; As. quietly 
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^^olatilised in P.P. Remainder reacts in O.P., as in (D). 
1. Lead. — ^Assay becomes red-hot with pale blue 
lilpjrochrome ; not quite spherical^ but shining and white, 
ith a coat of litharge ; a, coffee- brown ; J, rich reddish 
c, pale reddish cream-colour ; next assay, grey, 
ic, iridescent. 2. The same after P.P. ; a, bright 
[-red ("Red Lead"). The rest a dull brown, 
faint white border. G. Alloy of (D) + (F.) — 
3Part, black, dull ; part, white. H. Bismuth. — a, me- 
tallic, black, iridescent ; b, the same after O.P. ; c, faint 
■f dirty yellow, with minute metallic balls. J. Bismuth 
: ON C.-Slip. — Assay glows brilliantly red-hot ; a, rich 
^ .brown yellow; i, lemon-yellow, shading off to white ; 
r over this, a thin halo of orange. Above in P.P., d d d, 
% a rich coffee-brown shading off to (a) brown-yellow. K. 
!• Alloy of (D) + (H). — Assay covered with small 
. shining balls by slight O.P. ; (Bi) a, faint semi-metallic 
^ white sublimate ; after strong O.P. assay grey, metallic, 
with small shining ball on top ; black, pansy- shaped 
sabliroate, grey towards assay, with thin white subli- 
mate ; through lens yellow on surface. After slight 
P.P. orange and green hot; pale yellow and white 
cold ; a, black spot after O.P., showing Sb. L. Alloy 
OF (F) + (H). — Assay bright red-hot; not round; 
and coated with litharge. Many minute balls on sur- 
face, which seem to move out, like snails' "horns," 
while red-hot (Bi). 

a. Grey, semi-metallic with black border. 

b. Blackish brown, pansy-shaped, with coffee-brown 
border. 

c. Yellowish or dirty white. Above after P.P. 

b. Blackish and coffee-brown ; c, yellowish or brown- 
ish white. Above in H.P,, a rich velvet black, which 
turned slowly in P.P. to a dirty blackish brown ; and 
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this wonld not turn black again in H.P., showing that 
the black colour ia not due to cavbon from the pyrocone. 
M. Puke Silver {reduced from the nitrate). — a, a, 
Paint, reddish, gold-like yellow metaEic halo, show- 
ing through a lens myriads of minute gold -yellow 
metallic balls, scattered by a strong P.P. two inches. 
Assay covered with a thick coating of oxide, like horn. 
On C-slip a similar result without the oxide. N. Ag 
+ Pb a. Pale, bluish-green iridescent halo, b, Pinkish, 
dirty brown ; millions of metallic balls over a and b, 
0. Ag -\- Sb a, Deep velvet-black pansy-shaped halo, 
which falls off in flakes when cold, shading off to me- 
tallic grey, towards the dark grey assay ball, b. Faint 
yellowish white. The rest white, thick. This table 
should be hand-coloured by the student, according to 
the directions above given. 

The slightest trace of alloy of lead with tin may be 
detected in a few minutes on Al plates, by keeping the 
assay (" block tin " for instance) on a C-slip, enveloped 
in a good H.P. The tin will not osidiso as long as it 
is covered by H.P., whilst all lead is thus rapidly 
deposited on the vertical plate-surface as a white sub- 
limate which turns brown after P.P. The moment 
H.P. ia removed from the red-hot assay, it is covered 
with a thick crust of tin dioxide, and cools snow- 
white, which may be reduced to metal by adding a 
little borax, and covering the mass with a good 
blue H.P. 

If any alloy ball (as of gold with silver) be placed on 
bare aluminium plate, and gently heated on one side for 
some time with P.P., the metal possessing the lowest fus- 
ing point will imperceptibly melt, and its molecules gra- 
duallyJlo'K tomards the source of Iteat, remaining even- 
tually on that side. The Alloy (Au -f Ag) will be found 
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white on that side, and yellow on the other. A kind of 
"parting" is thus effected. The alloy must not be 
raised to the fusing point, but kept red-hot. 

The Table opposite (VI.) should be now studied by 
first learning carefully the reactions of oxides, &c., in the 
lines from 1 to 61 ; then those afforded by supports 
and reagents in the columns 2 to 7. 

The more familiar the student is with these in the 
first place, the more competent will he be to proceed 
with the analysis of difficult minerals. 



CHAPTER IX. 

ON FTROLOGICAL MINERALOGY, AND A PROPOSE!) 
SPECIFIC GRAVITOMETER, ETC, 

MiNERALOGicAL SciENCE may be (conscientiously) 
divided into two parts, which are almost separate from 
each other. Part I. treats of the geometric and optical 
properties of the beautiful and symmetrical crystalline 
forms (Greek krystallos, a crystal) we so often behold 
in underground nature — that is in collections of crys- 
talline minerals brought from mines, &c. ; and Lon- 
doners have special facilities for examining these, as 
the splendid British-Museum collection at South Ken- 
sington, under the clever and courteous superintendence 
of Mr. Lazarus Fletcher, is, I believe, the finest and 
most complete in the world ; that of Vienna coming 
next. But " geometric and optical properties of crys- 
tals " comprise two of the most difficult portions of the 
higher mathematics, and can only, therefore, be projperly 
studied by an able mathematician ; so that the study, 
however interesting, can have no place here, although 
the simple measurement of crystalline angles may 
certainly be (and shall be here) employed. The deter- 
mined student, however, may be referred to the " Mine- 
ralogy "of the late Prof. W. H. Miller, of Cambridge, 
the first of English mineralogists (Longman and Co., 
1852), modestly bufabsurdly called by him " Phillips's 
Mineralogy ; " to the capital but too brief work of 
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Prof. Nicol, of Aberdeen; and, not least, to the splendid 
American "System of Mineralogy" by Prof. J. D. 
Dana, 1877. 

Part II. relates to what has been called " Determi- 
native Mineralogy;" a title which, as the word 
" determination " 'in analysis is properly appUed to 
qttjantitative results, I have ventured to alter here to 
" Pyrological Mineralogy." It facilitates the identifi- 
cation of Minerals and " Rocks," so that each may be 
relegated (Latin relego, I transfer) to its proper place 
in the " system " arranged for it, crystallo-graphically 
or otherwise, by Part I. ; and this work is, nowadays, 
almost universally carried out by means of the Blow- 
pipe. By adopting this system of Blowpipe Analysis, 
the student will soon see that he can perform it by 
means of the blowpipe alone : in every other system, as 
is well known, frequent application must be made to 
the violent fluid acids — ^nitric, hydrochloric, or sulphuric 
(sometimes to all three), which, as is also well known, 
are almost impossible to carry without the greatest risk 
of serious injury. Without further preface, I now beg 
to introduce to the student the following tables, which 
explain (or ought to explain) themselves, and he will 

have to study them carefully, especially VII. and IX., 
before beginning Chapter X., in which we commence 

our Actual Work. 

The next Table (VII.) will be found useful in 

guiding the analyst to the proper treatment of the 

substance he is going to examine. It requires no 

explanation, but the neglect of employing its assistance 

in the first place, will probably entail a loss of both 

time and patience. 
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Table VIII. — Fractions and Percentages. 

(For approximating* quantitative reactions.) 



V* 

Per 


Total 


cent. 


oompontion. 


8 equal to about l-12th 


9 


1-llth 


10 


1-lOth 


11 , 


, l-9th 


12 


, l-8th 


14 , 


l-7th 


17 


l-6th 


20 , 


l-6th 


25 


l-4th 


28 


2-7th8 


33 


l-3rd 


36 


, 3-8thR 


40 


2-6thR 


42 


3-7th8 




Peroent. 


l-2nd 


about 50 


l-3rd 


33 


l-4th 


„ 25 


l-5th 


„ 20 


l-6th 


„ 17 


l-7th 


n 14 


l-8th 


„ 12 


l-9th 


11 


1-lOth 


10 


1-1 1th 


9 


l-12th 


> „ 8 


2-3rd8 


66 


2-4th8 


„ 75 


2-6tlis 


„ 40 


3-5th8 


„ 60 


4-5thR 


„ 80 


5-6th8 


„ 85 


2-7thR 


„ 28 


3-7thH 


„ 42 


4-7thR 


56 


6-7th8 


„ 70 


6-7ths 


„ 84 


3-8ths 


„ 36 


5-8ths 


„ 60 



Per 


Total 


cent. 


compocition. 


44 equal to about 4-9th8 


45 


5-llths 


50 


l-2nd 


54 


, 6-llth8 


56 


4-7th8 


60 , 


3-5th8 


66 


2-3rdfl 


70 


5-7th8 


75 


3-4th8 


80 


4-5th8 


84 , 


6.7th8 


85 


5-6th8 


90 , 


9.10th8 




Percent. 


7-8tli8 


about 84 


2-9thR 


,, 22 


4-9th8 


jj 44 


5-9t,hfl 


n 44 


7-9th8 


„ 77 


8-9t,hR 


y, 88 


3-10th8 


„ 30 


7-10th8 


„ 70 


9-10th8 


» 90 


2-llthR 


„ 18 


3-llth8 


„ 27 


4-llth8 


„ 36 


5-llt.hH 


n 45 


6-llths 


„ 54 


7-llthfl 


„ 63 


8-llth8 


n 72 


9-llth8 


81 


10-1 Iths 


90 


5-12th8 


45 


7-12thfl 


„ 56 


9-12th8 


„ 72 


ll-12th8 


„ 88 


l-14th 


7 



* Latin ad, to, and proximus, nearest. 
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Table IX.— Of Assay Squares. (Fig. 113.) 

(For approximating quantitatiye reactions.) 

In order to use this table (see also the previous one)j 
the student should cover square (2) with a thin slice oi 
unclouded agate, or, if that cannot be obtained, with a 
piece of glass. He should then cover the square (seen 
through the transparent medium) with the fine powder 
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Fig. 113. 

of any pure oxide, say silica, and pack it down with a 
fine steel spatula (a piece of flat watch-spring answers 
admirably), so that all inner lines are just not visible, 
but there should be no greater depth of powder than 
this. He then takes up the whole of the powder by 
degrees, with a hot bead of boric acid on pt. wire, and, 



ASSAY SQUARES. 115 

after treating with O.P. and flattening the hot bead 
by firmly pressing it on an aluminium plate with the 
fore-finger in a platinum capsule lined with moist cha- 
mois leather, he observes through a lens how large this 
quantity thus appears in the flat bead. He should then 
try another oxide, say alumina, in the same way, and 
observe the diflference in appearance of several frac- 
tional parts of the square of powder. After going 
through as many as he can of the pure oxides in this 
manner, he should place the flattened transparent bead 
over the square corresponding to the supposed character 
of the mineral to be analyzed ; minerals with few con- 
stituents correspond to squares with few divisions, e,g. 
(Latin exempli gratia^ for example), suppose the mineral 
to be analyzed, be thoroughly-roasted " rich " Smaltite. 
The operator observes that black opaque balls which 
turn violet after H.P., represent a part of the original 
powder which would have covered one of the spaces of 
square (6) : he thus knows that about one-sixth of this 
mineral consists of cobalt. In like manner he finds an 
amount of green fragments, which assume a white 
metallic lustre after H.P. representing a portion of the 
powder, which would have only filled one of the spaces 
of square (8), and considers about one-eighth of this 
mineral to be nickel. Again he finds so few brown- 
black opaque balls present, that the proportion of powder 
they represent would not have even half covered one 
of the spaces of square (12), and so enters " very little 
iron " in his notes. Opacity in the bead is remedied by 
boiling, &c., as directed at page 84. All proportions 
below one-twelfth are to be entered as "little;" all 
below one-thirty-third (or about 3 per cent.) as " very 
little ; " all below 1*0 per cent, as '^ a trace." 
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A Proposed Specific Gravitometer. 

*^ Every schoolboy " knows the story of how Archi- 
medes discovered the fraud of brass in King Hiero*s 
" golden " crown, by the deficient specific gravity of 
the alloy, through the proportional displacement of 
water ; but few mineralogists seem to have considered 
if the modem expensive and elaborate modifica- 
tion of this method (weighing the substance hanging 
at the bottom of an assay-balance pan in water) may 
not be again modified by a more simple, cheap, and 
portable, if less mathematicaUy correct instrument, 
for the benefit of travellers, and thousands of others, to 
whom " an assay-balance " is all but an impossibility, 
and who, therefore, often, nowadays, " solve '' this 
important question by " carefully " poising the sub- 
stance in the right hand ! 

The accompanying drawings and references will 
perhaps be suflGlcient for purposes of explanation ; 
but the way to determine the gradations of the scale 
on tube d is by first noting (with a file on the tube) 
the quantity of water displaced by the fall of the 
empty box a; then filling it with pure platinum 
filings, and marking this displacement of water as 22, 
commencing from the notch above made ; because 
22 is the specific gravity of pure platinum ("Des- 
chanel," p. 86). The maker then similarly drops the 
box a filled with pure gold filings, and marks the point 
of its displacement 19*6, because this is the specific 
gravity of pure gold. The space between these two 
last points is, of course, to be graduated 2'4 "de- 
grees ; " and this will give the dimensions of the 
degrees for the rest of the tube upwards. The length 
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of the box a is determined by the convenience to the 
maker of the point 22. If he requires 22 to be very 
low down on the tube, a must be a long box, and 
vice versd. Of course, if necessary, the box can be 
withdrawn by a silk thread attached to the top. 

It may be objected that this method does not show 
the actual displacement of water, inasmuch as the sub- 
stance does not take the place of the water— e.^. is not 
actually immersed in it ; but that does not matter to 
the operator, as long as the correctness of his scale of 
specific weights is certified (as it, of course, will be 
here) by two standards of pure substances — ^platinum 
and gold — and the displacement points of these two 
ought not to be marked except as the result of many 
careful experiments* 

Table X.— The Paragenesis* of some Ores. 

(Compiled from Yon Cotta's *' Lehre von den Erzlagerstatten.'*) 

Catisiterite (Elassiter'ite) is often associated with 1, Quartz ; 2, Schorl ; 

3, Chlorite (Klo'rite) ; 4, Mispickel ; 5, Fyrite ; 6, Blende. 
Chalcopyrite (EjEilkopy'rite) is often associated with 1, Quartz ; 2. 

Fluor-spar ; 3, Galena ; 4, Blende ; 6, Chalybite (Ealyl)ite) ; 6. 

Dolomite ; 7. Pyrite. 
Cuprite (Kup'rite) is often associated with 1, Quartz; 2, Katiye 

Copper ; 3, Malachite ; 4, Chessylite (ch soft, as in " cheese *'). 
Fluor-spar is often associated with 1, Quartz ; 2, Wolframite ; 3, 

Chlorite ; 4, Orthoclase ; 6, Chalybite ; 6, Chalcopyrite. 
Gkdena is often associated with 1, Quartz ; 2, Pyrite ; 3, Chedcopyrite; 

4, Blende. 

Oold is often associated with 1, Quartz ; 2, Tellurium ; 3, Fyrite. 

Pyrite is often associated with 1, Quartz ; 2, Cassiterite ; 3, Chal- 
copyrite ; 4, Galena ; 5, Fluor-spar ; 6, Mispickel ; 7, Limonite. 

Quartz is often associated with 1, Orthoclase ; 2, Mica ; 3, Schorl ; 4, 
Chlorite ; 6, Chalybite ; 6, Calcite ; 7, Dolomite ; 8, Bar^a ; 9, 
Fluor-spar; 10, Cassiterite; 11, Pyrite; 12, Chalcopyrite; 13, 
Limonite; 14, Wolframite ; 15, Cuprite; 16, Galena; 17, Blende; 
18, Boumonite ; 19, Native Gold; 20, Native Copper. 

Serpentine is often associated with 1, Steatite; 2, Diallage ; 3, 
Asbestus; 4, Copper; 5, Chrysocolla. 
N.B. — The numbers, of course, refer to the frequency of association , 

1 being most frequent. 

* Greek para, near, and genesis, formation. 
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Table XL— -Geological Subformations with the 

containing Systems. 

(Compiled chiefly from Lyell and Pexming.) 

SUBFOKMATION. 8TSTBM. 

1. Alum schists of Sweden and Norway . Cambrian (upper) 

2. Albien Cretaceous (up. div.) 

3. ABhdown sand : Wealden . Ditto 

4. Ancient Nile-mud forming rirer terraces Pleistocene 

5. Argile de Londres (near Dunkirk) . . Eocene (lower) 

6. Argile plastique Ditto 

7. Aptien Cretaceous 

8. Aymestry beds Silurian 

9. Bala beds Ditto (lower) 

10. Basin (Mayence and Vienna) . . . Miocene (lower & up.) 

11. Do. (Paris) Eocene (upper) 

12. Bembridge series Eocene 

13. Bagshot and Bracklesham beds . . Ditto 

14. BaSh Oolite Jurassic 

15. Blackdown beds Cretaceous (upper) 

16. Bolderberg beds of Belgium . • . Miocene (upper^ 

17. Bone bed Silurian (upper) 

18. Boyey Tracey plant beds • • Miocene 

19. Breccias, Australian Cave . . . Pleistocene 

20. Do. Penri^ and Dumfriesshire . Permian 

21. Bunter sandstone of Lancashire and 

Cheshire Trias (middle) 

22. Do. of Germany Ditto (lower) 

23. Bridlington Beds, Marine Arctic fauna . Pliocene (newer) 

24. Caradoc beds Silurian (lower) 

25. Calcaire grossier Eocene (middle) 

26. Do. silicieux Ditto (upper) 

27. Claiborne beds of United States . . Ditto (middle) 

28. Chalk Marl Cretaceous 

29. Do. Maestricht Ditto 

30. Do. (mid.) (low) (up. with flints) . . Ditto 

31. Do. Faxoe Ditto (upper) 

32. Calcareous Sicilian strata . . . Pliocene (newer) 

33. ClayAtherfield Cretaceous 

34. Do. Alum Bay and Bournemouth . . Eocene (upper) 

35. Do. Aix-la-Chapelle .... Cretaceous (upper) 

36. Do. Barton Eocene 

37. Do. Bovey Tracey .... Miocene (upper) 

38. Do. Bradford Jurassic 

39. Do. Kimmeridge Oolite (iipfNor) 

40. Do. London Eocene ^ddle) 

41. Do. Lower Gault Cretaceous 

42. Do. Oxford Jurassic (m. oolite) 
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43. Clay Speeton, of Mamboro' Head . Cretaceous (lower) 

44. Do. Weald of Surrey, Kent, and Sussex Ditto 

45. Chillesford beds, chiefly Arctic . . Pliocene (newer) 

46. Coalfield of Richmond, Virginia . . Trias (upper) 

47. Do. North Carolina .... Ditto 

48. Do. South Wales with underclays . Carboniferous (upper) 

49. Do. North and Central England . . Ditto 

50. Do. Kilkenny, Ireland .... Ditto 

51. Do. SaarbrucK Ditto 

52. Do. Pennsylvania Ditto 

53. Do. strataof South Joggins, Nova Scotia Ditto 

54. Do. dato of Ireland .... Ditto (lower) 

55. Do. limestones and sandstones of Scot- 

land Ditto 

56. Conglomerate of North Germany . . Cretaceous (lower) 

57. Do. Dolomitic of Bristol . . . Trias (upper) 

58. Coral rag Jurassic 

58A.Corallien * Ditto 

59. Coralline crag Pliocene (older) 

60. Combrash Oolite (middle) 

61. Cypridinen — Schiefer and Clymenien- 

kalk, Bhenish provinces . . Devonian (upper) 

62. Douriton sandstone or bone bed . . Silurian 

63. Danian or Maestricht chalk . . . Cretaceous 

64. Dordogne caves of Reindeer period . Pleistocene 

65. Drift, Salisbury, with bones of Mam- 

moth, &c Recent 

66. Dolomitic limestone .... Permian 

67. Devonian rocks — ^lower, middle, and upper Devonian 

68. Erratics of Pagham and Selsea Bill . Recent (Post Tert.) 

69. Earth, Fuller's, of Bath .... Oolite (lower) 

70. Flags, Arenig Cambrian 

71. Do. Lingula Ditto 

72. Do.Llandeilo Ditto 

73* Faluns of Touraine .... Miocene (upper) 

74. Do. Bordeaux Ditto 

75. Freshwater strate of Germany (France, 

bones of Pliopithecm) .... Ditto 

76. Faxoe chalk Cretaceous (upper) 

77. Gault (lower and upper) . . . Cretaceous 

78. Greensand upper ("Firestone ' ' of Surrey) Ditto 

79. Gannister beds 

80. Gypsum of Montmartre 



81. Gr^s de Beauchamp 

82. Grit Obolus (of Russia) 

83. Do. Millstone 

84. Do. Harlech . 



Carboniferous 
Eocene (upper) 

Ditto 
Silurian (lower) 
Carboniferous 
Cambrian (upper) 



85. Gneiss fundamental of the Hebrides F . Ditto (lower) 

86. Do. and Quartzite containing Eozoon 

Canadenae • . . . . . Laurentian (lower) 

87. Harlech beds Cambrian 



GEOLOGICAL SUBFORMATIONS. 121 



SVBFORMATIOy. 8I8TBM. 

88. Headonbeda Eocene 

89. Hempstead beds Miocene (lower) 

90. Hall^tadt beds (marine fauna, N.W. Gcr- 

manj) Trias (upper) 

91. Huronian Series (Canada) . Cambrian (lower^ 

92. Il£»combe beds Devonian (upper) 

93. Xleynspawen beds (Belgium) . . Miocene (lower) 

94. Eellowayrock Jurassic 

95. Eeuper sandstone Ditto 

96. Do. beds of Germany .... Trias (upper) 

97. Eiipfer schiefer Permian 

98. Kalk Planer (Saxony) .... Cretaceous (upper) 

99. Lacustrine beids of Auvergne . . Miocene 

100. Do. mud (Swiss lake dwellings) . Recent 

101. Do. strata of Upper Val d*£nio (Italy) Pliocene (newer) 

102. Loess of the Bhine Pleistocene 

103. Loam and Breccia of Li^ge cayems . Ditto 

104. Leaf bed and land shells of Madeira^ . Pliocene (newer) 

105. Limestone, Aymestry . . . ' . Silurian 



Carboniferous 
Cretaceous (upper) 
Permian 
Silurian 



Miocene (upper^ 
Eocene (middle) 
OoUte (middle) 



106. Do. mountain (sub-carbon) . 

107. Do. hippurite 

108. Do. magnesian (Zechstein) . 

109. Do. Wenlock 

110. Do. and volcanic tuff of Madeira 

111. Do. Miliolitic of France 

112. Do. Nerinoean of the Jura . 

113. Do. Torquay (with numerous corals) . Devonian (upper) 

114. Do. Eifel(with underlying schists, Ger- 

many) Ditto 

115. Do. with sandstones of Russia . . Ditto 

116. Do. Woolhope Ditto (lower) 

117. Do. Niagara Silurian (upper) 

118. Do. Trenton (N. America) . . Ditto (lower) 

119. Do. Pisoltic of France .... Cretaceous 

120. Llandovery beds (lower). . Cambrian 

121. Do. (upper) Silurian 

122. Lias (lower and upper) .... Jurassic' 

123. Ludlow beds Silurian (upper) 

124. Lignites and clays of Bovey Tracey 

(Devonshire) Miocene (lower) 

125. Do. beds of Cadibona (Italy) . . . Ditto 

126. Marine strata of Puzzuoli (Temple of 

Serapis) Recent 

127. Magnesian limestone of Russia, &c. . Permian 

128. Marble (forest) Jurassic 

129. Marls (sub-apennine) .... Pliocene (older) 

130. Do. (Keuper) Triassic 

131. Do. slate Permian 

132. Do. chalk Cretaceous 

133. Marlstone Jurassic 

134. Mayhill sandstone Silurian 
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RUBFORHATION. 8Y8TBH. 

35. Mudfltones Silurian 

36. Millstone grit Carboniferous (upper) 

37. Menevian oeds Cambrian 

38. Muschelkalk Triassic 

39. Molasse (Marine, of Switzerland) . . Miocene (upper) 

40. Marine strata of the Atlantic border, U.S. Ditto 

41. Mayence basin Ditto (low. & up.) 

42. Maestricht beds Cretaceous (upper) 

43. Mames d gijph^es .... Oolite (upper) 

44. Marl slate of Durham and Yorkshire . Permian 

45. Mergel (or Kiipfer) scheifer . . . Ditto 

46. Nebraska beds, U.S Miocene (lower) 

47. Neocomian of Neufchatel, &c. . . Cretaceous (lower) 

48. Kummulitic formation of Europe, Asia, 
&c Eocene (lower) 

48A.Norwich crag Pliocene 

49. Nerinoean limestone of the Jura (oolitic^ Jurassic 

50. Old red sandstone (low^r, middle, upper) Devonian 

51. Oolite (lower, middle, upper) . . Jurassic 

52. Osborne series Eocene (upper) 

53. GEkminghen beds (Switzerland) . . Miocene (upper 

54. Portland beds . . v . . . Jurassic 

55. Purbeck beds (lower, middle, upper) . Ditto 

56. Paris basin • Eocene (upper) 

57. Punfield marine beds .... Cretaceous ^ower) 

58. Pikermi deposit (Athens) . . Miocene (upper) 

59. Red crag of Su£folk . ' . . . Pliocene folderl 

60. Eupelmonde beds (of Belgium) . Miocene (lower) 

61. Kadaboj beds (Croatia) .... Ditto 

62. Reading series, or Woolwich beds, or 
Thanet Sands Eocene (lower) 

63. Rag, coral, of Berks, Wilts, and Yorkshire Jurassic 

64. Rhoetic beds (Bavarian Alps) . . . Triassic 

65. Rock, Kelloway, of Wilts and York- 
shire Jurassic 

66. Roth Liegendes (Thuringia) . . . Permian 

67. Rocks, hypersthenc, of Skye . . . Laurentian (upper) 

68. Sandstone, new red (Bunter, Germany, 
Lancashire and Cheshire) . . . Triassic 

69. Do. Mayhill Silurian (upper) 

70. Do. old red Devonian 

71. Do. Rothliegende (lower, upper) . . Permian 

72. Do. Douriton Silurian (upper) 

73. Sands, Thanet Eocene (lower) 

74. Do. Bagshot Eocene 

75. Slate (lower) limestone .... Carboniferous 

76. Do. Marl (Kiipfer schiefer) . . . Permian 

77. Shale, Wenlock Silurian (upper) 

78. Do. Woolhope Ditto 

79. Do. limestone (lower) .... Carboniferous 

80. Slates Skiddaw Cambrian 
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BUBFOKMATION. 8T8TBM. 

181. Slatee, Tremadoo Cambrian 

182. Smonien Gretaoeouf 

183. Sub-apennine marls and sands . . Pliooene (older) 

184. Superga beds (near Turin) . . . Miocene (upper) 

185. SiwaliK strata (India) .... Ditto 

186. Speeton clay of Flamborough Head . Cretaceous (lower) 

187. Saarbruck coalfield Carboniferous (upper) 

188. St. Helen's (Osborne) series . . . Eocene (upper) 

189. Sable Moyen (sands and marls, Paris 

basin) Ditto 

190. Soissonnais sands Miocene (middle) 

191. Sable de Fracheux Kooene (lower) 

192. Sands and clays of Aix-la-Chapelle . Cretaceous (upper) 

193. Do. of Folkstone, Sandgate, Hythe, and 

I. of Wight Ditto (lower) 

194. Do. Tealby Ditto 

195. Do. Hastings Ditto 

196. Do. Portland Jurassic 

197. Do. Ashdown (Wealden) . . . Cretaceous 

198. Do. sub-apennine Pliocene (older) 

199. Sandstone of Penrith and Dumfries . Permian (lower) 

200. Do. of Connecticut (footprints of birds, 

&c.) Trias (lower) 

201. Do. of Dura Dean (Fifeshire) . . Devonian (upper) 

202. Do. of Forfarshire and Perthshire . Ditto 

203. Do. Pilton of N. Devon . . . Ditto 

204. Do. Petherwyn, Cornwall . ". . Ditto 

205. Do.ofEussia Ditto (middle) 

206. Do. (lower) of Forfarshire . . . Ditto (lower) 

207. Do. of Western Canada and New York 

(Oriskang) Ditto 

208. Do. of 6kisp6, Eastern Canada . . Ditto 

209. Do. Downton Silurian (upper) 

210. Do. Potsdam, Canada, and U.S. . . Cambrian (upper) 

211. Do. Facoidal, of Sweden . . Ditto (lower) 

212. Stone, Portland Jurassic 

213. Do. lithographic of Solenhofen . . Ditto 

214. Slate, Stonesfield Ditto 

215. Do. Llanberis Cambrian (lower) 

216. Shales, red, of Cheshire and Lancashire, 

with rock salt Trias (upper) 

217. Schists, bituminous, of Gamrie, Caithness, 

&c Devonian (middle) 

218. Do. Eifel (Germany, calceola-schiefer) . Ditto 

219. Stones, paving (Arbroath) . . . Ditto (lower) 

220. Shales, Tarannon (Wales) . . . Silurian (upper) 

221. Slates (lower) Llandovery . . . Ditto 

222. Schists, alum, of Sweden and Norway . Cambrian (upper) 

223. St. Cassian or Hallstadt beds . . . Trias (upper) 

224. Tarannon shales (Wales) . . . Silurian (upper) 

225. Tufaceous strata of Sicily . . . Pliocene (newer) 
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226. Tuff, volcanic, of Madeira . . . Miocene (upper) 

227. Tongrian beds of Belgium . . . Ditto power) 

228. Travertin Inferieur .... Eocene (upperl 

229. Thanet sands, or Woolwich beds . . Ditto (lower) 

230. Tealby series of Lincolnshire (Neoc. M.) . Cretaceous (lower) 

231. Turonien middle chalk .... Cretaceous 

232. Touraine Faluns Miocene (upper) 

233. Woolwich beds, or Thanet sands . . Eocene (lower) 
231. Wealden beds of Hanover, Surrey, Kent, 

Sussex, &c. . ... . . Cretaceous (lower) 

235. White chalks of France, Sweden, and 

Russia Ditto (upper) 

236. Do. with flints (upper), without flints 

(lower) British Ditto 

237. Woolhople limestone and grit (N. and S. 

Wales) Silurian (upper) 

238. Wenlock limestone and shales (N. and S. 

Wales) Ditto 

239. White crag (coralline crapr) . . . Pliocene (older) 

240. Toredale series of Yorkshire . . . Carboniferous (upper) 

241. Zechstein Permian 

N.B. — The above numbers prefixed to a mineral indicate the sub- 
formations in which it is most commonly found. 



Table XII.— Characteristic Fossil Species in 
Principal Geological Subformations. 

(Compiled chiefly from Penning and Lyell.) 

The following table is intended to supply an additional 
aid in the mineralogical use of Table XI., and thus 
to assist the geologist in the pyrological as well as 
the paleeontological determination of "horizons" or 
" zones.'' An illustration of this purpose will be best 
afforded in the words of Professor H. A. Nicholson 
(Nicholson's " Palaeontology," vol. i. p. 37, last edition) : 
" "We often meet with cases in which a formation, even 
if essentially homogeneous in its mineral nature, can be 
divided into ZoneSy each of which is characterized by 
the possession of special groups of fossils. The most 
celebrated of such cases is that afforded by the Lias. 
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This great and essentially argillaceous formation can 
be divided into a number of zones, each of which is 
characterized by possessing some special fossils, and 
particularly by some special ammonite. These zones 
are extremely constant, and they are traceable wherever 
the formation is fully developed and has been fully 
examined in Europe, so that they enable us to effect a 
division of the formation into special horizons which 
have no stratigraphical existence, and are not sepa- 
rated by any physical break The principal 

difficulty that we have to confront in dealing with these 
'zones' is to produce any plausible explanation ac- 
counting for the destruction of the special life-forms of 
the one zone and the appearance of those of the next 
zone." 

Now it seems to me that the delicate pyrochemical 
analysis of the mineral matter of such " zones," possible 
by. the blowpipe, would, perhaps, in some measure, 
solve this difficulty (and probably some others) of 
geologists and palaeontologists, and show that there is 
a "physical break" of matter corresponding to the 
fossil demarcations, and that the formation in reality 
is not " essentially homogeneous." The prefixed num- 
bers of course correspond to those of Table XI. 

9. 24. Asaphus Powisii — ^Echinosphserites Balticus — Holopea Conciima 
— ^IllaBiius Bowmanni — Leptsena Sericea — Lituites Comu-arietis — 
Oithis Vespertilio — Orthis Flabellulum — Phacops Apiculatus — 
Trinculeus Concentricus. 

12. 152. BaHmus Ellipticus— Cliara Tuberculata — Melania Turritifl- 

siina — Melanopsis Carinata — Paludina Lenta — Planorbis Discus. 
17. 172. Auchenaspis Salteri— Atrypa Reticularis— Cephalaspis Mur- 
chisoni — Calymene Blumenbachii — Chonetes StriateUa (lata) — 
Favosites Gk)thlandica — HelioHtes Interstiocta— Linglula Cornea 
— Onchus Tennistriatus — Orthis Elegantula (lunata) — Phacops 
Caudata — Proetus Latifrons — Platychisma Helicoides — Pteraspis 
Banksii — Pterygotus Ludonsis — Rhjmconella Wilsoni — Stro- 
phomena Eaglypha — Strophomena Depressa. 

13. Cardita Planicosta — Ceritheum Giganteum — Conus Deperditus — 
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Litbarea Websteri — Nummulites Lssvigata— Turritella Imbri- 

oataria. 
18. Banksia Longifolia — Carpinus Grandis — Cinnamomum Lanceola- 

tiim— Corylus Grosse-dentata — Lastria Stiriaca — Sabal Major — 

Sequoia Couttsiaa — Sequoia Langsdorfii. 
28. 30. 132. Ammonites Yarians — Ammonites Ehotomagensis — ^Belem- 

nitella Plena — Holaster Subglobosus — Lima Globosa — Pecten 

Beaveri — Terebratula Semiglobosa — Turrilites Costatus. 
63. Baoulites Faujasii — Brachyurus Kugosus — Hemipneustes Badia- 

tus — Nautilus Danicus. 
231. Ammonites Peramplus — Discoidea Cylindrica — Eobinoconus 

Subrotundus — Liocoramus Labiatus — Ptychodus Decurreus — 

Bbyiiconella Cuvieri — Terebratulina Gracilis — Ventriculites 

Kadiatus. 
31. 182. Ananchytes Ovatus — Belemnitella Mucronata — ^Echinoconus 

Conicus — Inoceramus Brogniartii — Lima Hoperi — Micraster Cor- 

anguinnm — Parasmilia Centralis — Rhynconella Octoplicata — 

Spondylus Spinosus — Terebratula Cornea. 
36. Cbama Squamosa — Conus Dormitor — Crassatella Sulcata — Fusus 

LongsBvus — Nummulites Variolaria — Pleurotoma Colon — ^Bos- 

tellaria Rimosa — ^Voluta Luctatrix. 

38. 151. Apiocrinus Parkinsoni — Ceromya Concentrica — Cylindrites 
Acutus — Patella Rugosa — Purpuroidea Morrisii — Bhynconella 
Concinna — ^Terebratula Digona — ^Trigonia Goldfussii. 

33. 147. Ammonites Deshaysii — Ancyloceras Gigas — Crioceras Duvalii 
— Diceras Lonsdalei — Exogyra Sinuata — Gervilia Anceps — Mey- 
eria Vectensis — Pecten Cinctus — Pema Mulleti — Terebratula Sella 
— ^Trigonia Caudata. 

40. Aturia Ziczac — ^Nautilus Centralis — ^Nummulites Planulata — ^Pho- 
ladomya Margaritacea — Rostellaria Ampla — ^Vermicularia Bog- 
noriensis — ^Voluta Nodosa — ^Zantbopsis Tuberculata. 

41. 77. Aporrha'is Parkinsoni — Ammonites Lautus — Ammonites Auri- 

tus — Ammonites Intermptus — Belemnites Minimus — Hamites 
Intermedins — Inoceramus Concentricus — Nucula Pectinata — 
Solarium Ornatum — Trochocyathus Conulus. 

39. Ammonites Biplez — ^Ammonites Mutabilis — ^Exogyra Virgula — 
Patella Latissima — Pliosaurus — Rbynconella Inconstans — ^Thraoia 
Depressa — Trigonia Clavellata. 

42. Alaria Composita — ^Ammonites Cordatus — Ammonites Excavatos 
— ^Ammonites Lamberti — Belemnites Puzozianus — Gryphsea Dila- 
tata — ^Myacites Recurva — Trigonia Costata. 

69. Astarte Omalii — Cardita Senilis — Flabellum Woodii — Fascicularia 

Aurantium — Pecten Opercularis — Terebratula Grandis — Theonoa 

Globosa — ^Voluta Lamberti. 
148a. Astarte Borealis — Natica Helicoides — Nucula CobboldisB — 

Kbynconella Psittacea — Scalaria Greenlandica — Tellina Obliqua. 
159. BaJanophyllia Calyculus — Cardium Augustatum — Fusus Con- 

trarius — Nassa Reticosa — Pectunculus Variabilis — Purpura 

Tetragona. 
58. Ammonites Perarmatus — Ohemnitzia Heddingtonensis — Cidaris 

Florigemma — Ecbinnobrissus Scutatus — Thamnastrea Arach- 

noides — Thecosmilia Annularis. 
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bSa. Ammonites Achilles — Ammonites Tenuilobus — ^Astarte Sapra- 
corallina — Cardium Corallinum — Cidaris Florigemma— Diceras 
Arietina — Hemicidaris Crenularis — Terebratula Moravica. 

60. 128. Acrosalenia Hemiddaroides — Avicula Echinata — Holec^rpus 
Depressus — Nucleolites Olunicolaris — Terebratula Intermedia — 
Terebratula La^enalis. 

48 to 55. Alethoptens Lonchitica — Antbracosia Pbillipsii — Anthracosia 
Acuta, Kobusta, &c. — Calamites Suckovii — C^there Inflata — 
Lepidodendron StembergpL — Megalichtbys Hibberti — Neuropteris 
Gig^ntea — Sigillaria Remformis — Spirorbis Carbonarius. 

67 (Lower). Alveolites Suborbicularis — HomalonotusAnnatus — Orthii 
Arcuatus— Phacops Laciniatus. 

67 (Middle). Bronteus FlabeUifer — Calceola Sandalina — (Gonio- 
phyllum) Cyathophyllum Cssspitosum — Favosites Cerricomis — 
Heliolites Porosa— Megalodon Cucullatus — Stringocephalus Bur- 
tini — ^Uncites Gryphus. 

67 (Upper)' Clymenia JLinearis — Cucullela Hardingii — C^ridina Ser- 
ratostriata — Goniatites Subsulcatus — Phacops Latifrons — Spiri- 
fera Disjuncta. 

70. 180. Asaphus Hom&ayi — Dicbograspus Sedgwickii — Diplo- 
graspus Pristis — Ogygia Selwynii— Orthis Carausii — Trinucleus 
Gibbsii. 

71. 72. Agnostus Princeps — Cruziana Semiplicata — Dictyonema 
Sociale — Hymenocaris Vermicauda — Lingulella Davisii — Olenus 
Micrurus — Asaphus Tyrannus — ^Ampyx Nudus — Didymograspus 
Murohisoni — Diplograspus Foliaceus — Lingula Attenuata — 
Ogygia Buchii — Kastrit^ Peregrinus — ^Trinucleus Fimbriatus. 

77. 78. Ammonites Rostratus — Hamites Armatus — Holaster Lssyis — 
Lioceramus Sulcatus — Ostrea Frons — Pecten Asper — Pleuroto- 
maria Bhodani — Ehynconella Dimidiata — Terebratula Biplicata 
— Terebratella Pectita. 

79. 136. Aviculopecten Papyraceus — Discina Nitida — Goniatites 
SphsBricus, Listeri, &c. — Lepidodendron Yeltheimianum — Ortho- 
ceras Steinhaueri — Posidonomia Becheri — Producta Scabricula. 

87. Arenicolites Didyma — ^Agnostus Cambrensis — Concoryphe LyelUi 
— ^Histioderma Hibemicum — Leperditia Prima — Micro^scus 
Sculptus — Oldhsonia Antiqua — Oldhamia Kadiata. 

88. Cyrena Obovata — CythersBa Incrassata — Limnea Longiscata — 
Melania Muricata — Planorbis Euomphalus — Potamides Concavum. 

89. Cerithium Elegans — Chara Medicaginula — Corbula Pisum — 
Cyrena Semistriata — Paludina Lenta — Eissoa Chastellii — Sequoia 
CouttsiaB — ^Voluta Kathieri. 

120. Holopella Tennicincta — Ulsenus Thomsoni — ^Meristella Angus- 
tifrons — Murchisonia Angulata — Petraia Subduplicata — Strick- 
landinia Lens. 

121. Atrypa Hemispherica — Euomphalus Prenuntius — Pentamerus 
Oblongus — Petiaia Bina. 

122 (Lower). Ammonites Bucklandi — ^Ammonites Planorbis — ^Belem- 
nites Elongatus — Extracrinus Briareus — GryphsBa Incurva — 
Hippopodium Ponderosum — - Ehynconella Kimosa — Spirifer 
Wafcottii. 

122 (Upper). Ammonites Bi£rons«-Ammonites Communis —Belemnites 
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Tubularifl — Oardinia Listen — Leda Ovum — ^Hhynconella Cyno- 
cephala. 

1 05. Cyclonema Corallii — Lin gula Le wisii — rthoceras Ludense — Pen- 
tameras Knightii — Phragmoceras Ventricosum — Pterinasa 
Sowerbyi — Rhynconella Navicula — RhyncoDella Wilsoni. 

106. Actinocrinufl 30-Dactylu8 — Euomphalus Pentangulatos — Li- 
thostroteon Junceum — Michelinia Favosa — Orodus Bamosus, &c. 
— Orthis Eesupinata — Phillipsia Pustulata — Platycrinus Laevis — 
Producta Semireticulata — Rhynconella Acuminata — Spirifera 
Striata — ^Terebratula Sacculus. 

107. Ananchytes — Catillus (Inoceramus) — Cidaris — Gryphaea (Exo- 
g^yra) — Hippurites Organisans — Lima — ^N ucula — Ostrea — ^Pecten. 
— Certain species of the getvera Spatangus — Sphaerulites — Kudistes 
Terebratula — Trigonia. 

108. 241. Avicula Speluncaria — Axinus Obscurus — Camaraphoria Cru- 
mena — Fenestella Hetiformis — Lingula Credneri — Nautilus Fries- 
lebeni — Producta Horrida — Schizodus Schlotheimi. 

130. Equisetites Columnaris — Estheria Minuta — Hyperodapedon Gror- 
doni — Labyrinthodon Jaegeri. 

131. 97. Acrolepis Sedgwickii — Caelacanthus Granulatus — Lingula 
Mytiloides — Neuropteris Huttoniana — Palasomscus Comptus — 
Platysomus Striatus. 

133. Ammonites Margaritatus — Ammonites Spinatus — Rhynconella 

Tetrahedra — Terebratula Punctata. 
135. Discina Rugata — Grammysia Cingulata — Homalonotus Ejiightii 

— Orthonota Amygdalena — Rhynconella Nucula — Phsuiops Dow- 

ningise. 
Eocene Mammals. Anoplotherium Gracile et Commune — Chaeroptamns 

Cuvieri — Coryphodon EocaBuus — Dichobune Cervinum— Paloeo- 

therium Magnum et Minus. 
Miocene Mammals. Acerotherium Incisivum — Anthracotherium 

Magnum — Dinotherium Giganteum — Hyopotamus Bovinus — 

Mastodon Augustidens. 
Pliocene Mammals. Balsenodon Emarginatus—Cervus Anoceros — 

Elephas Meridionalis — Mastodon Arvemensis — Rhinoceros Lep- 

torhinus — Tapirus Priscus. 

137. Agnostus Davidis — Concoryphe Homfrayi — Erinnys Yenulosa — 
Lingulella Ferruginea — Obolella Sagittalis— Paradoxides Davidis 
Theca Corrugata. 

138. Ceratites Nodosus — Encrinus Liliformis — Gervilia Socialis — 
Nautilus Hexagonalis — Placodus Gigas — ^Terebratula Vulgaris. 

153. Acer Trilobatum — Cinnamonum Poljinorphum — Glyptostrobus 
Europasus — Hakea Salicina — Platanus Aceroides — Smilax Sagit- 
tifera. 

164. Cerithium Portlandicum — Isastrea Oblonga — Lucina Portlan- 
dica — Trigonia Gibbosa. 

165. Archeoniscus Edwardsii — Cycadeoidea Microphylla — Cypridea 
Tuberculata — Lepidotus Minor — Ostrea Distorta — Pleurosterum 
Ovatum. 

164. Avicula Contorta — Cardium Rhaeticum — Gyrolepis Tenuistriatus 

— Hybodus Plicatilis — Pecten Valoniensis — Saurictiiys Apicalis. 
173. 233. Cerithium Funatum — Corbula Longirostris — Cyprina Mor- 
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risii — Cyrena GuneiformlB — Melania Ingainata — Ostrea Bello- 

vacina. 
168. ^thophyllum Speciosum — Cbeirotherium Barthi — Nfothosaiinii 

Schimperi — Voltzia Heterophylla. 
170 (Lower). Cephalaspis Lyellii — Phacops Laciniatas — Pteraspis 

Lloydii — Pterygotus Anglicus. 
170 (Middle). Asterolepis Ormusii — Diplacanthus Gracilis — Glypto- 

lepis Elegans — Osteolepis Major — Phyllolepis Conceutricus — 

Ptericbthys Major. 
170 (Upper). Anodonta Jukesii — Coccosteus Decipiens — Cyclopteris 

Hibemica — Cyclostigma Minatum — Holoptycbiua NobiliBomuB. 
166. 171. Acantbodes Gracilis — Calamites Gigas — Callipteris ConfOTta 

^PalsBoniflcus Blanvillei — Walcbia PiDiformis — Unio TelUnariiu. 
175. Gtenodonta Tamida — Cacullela Hardingii — ^Modiola Macadami 

— Rbynconella Pleurodon — Spirifera Cuspidata — Streptorhyncus 

Greniistria. 

177. Acervularia Luzurians — Acidaspis Barrandii — EuompbaluB Dis- 
cors — Ompbyma Tarbinatum — Ortbia Eustica — Ortboceraa An- 
nnlatum — Pentamerus Galeatus — Periechocrinus Moniliformis — 
Pterinea Eetroflexa — Betzia Cuneata — Spirifer Plicatellim — ^Bliyn- 
conella Borealis. 

178. Atrypa Grayi — Homalonotus Delpbinocephalas — lUasnaB Bar- 
riensiB — Meristella Didyma — Pentamerus Lingnifer — Betzia Bar- 
randii — Spirifer Ezporrectus. 

181. Angelina Sedgwickii — Concoryphe Depressa — Modiolopsis Sol- 

yensis — ^Neseuretos Bamsayensis — Niobe Homfrayi — ^Theca Oper- 

culata. 
232. Cardita Jouanneti — Lamna Contortidens — Ostrea Crassissima — 

Pleurotoma Tuberculosa — Scutella Faujasi — ^Voluta Lamberti — 

Yoluta Barispina. 

N.B. — In pronouncing tbe above names from tbe Latin, a is pro- 
nounced as a in '*part;" ^, as a in ''pay;" t, as ie in ''piece," 
except where these Towels are obviously short. The student is recom- 
mended to make or procure even rough sketches of the fossils indi- 
cated, and to keep them by him for reference. Engravings of very 
many of them are to be found in ** Woodward's Manual of the Mol- 
lusca," Grosby Lockwood & Co. 

Table XIII. — Of the Blowpipe Treatment and 
Reactions of Ordinary Rocks. 

Apatite Tab. VI.— 38-4 

Augite (Var.-Diallage) . . Tab. III.— 40- 1- 24- 28*6 " 

Basalt Tab. VI.— 48— 4. Tab. III.— 1- ~ 

Ghlorite— Schist . . . Tab. III.— 27*5 1- 66- 24- 28-6 

Dolerite Tab. III.— 40- 1* 66- 24- 28-5 

60-36 
Dolomite .... Tab. IH.— 40- 12- 24. Tab. m.— 1 

Felsite Tab. VI.— 48-4. Tab. IH.— 1- 

FuUer's earth .... Tab. III.— 276 1* 28*6 

K 
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Gneiss Tab. VI.— 48-4. Tab. III.— 1* 

Granite Tab. VI.— 48-4. Tab. III.— 1- 

Hornblende .... Tab. VI.— 48-4. Tab. III.— 1- 
Hypersthene .... Tab. VI.— 48-4. Tab. m.— !• 56- 

24- 28-6 
Mica-Schist . . . . Tab. III.— 2-75 1- 28-5 

Obsidian Tab. VI.— 48-4 

Phonolite (Clinkstone) . . Tab. VI.— 48-4 
Porphyrite .... Tab. VI.— 48-4 
Pumice (Lava froth) . . Tab. VI.— 48*4 
Quartz (vars. Flint, Horn- 
stone, Chert) . . . Tab. III.— 28-o 
Qnartzite (altered quartz sand- 
stone) . . . . . Tab. III.— 40- (tr.) 28'5 
Eock-Salt .... Tab. III.— 35-5 23* 
Sandstone (Micaceous) . . Tab. III.— 27*5 28*5 
Serpentine .... Tab. III.— 1- 24- 28-5 

Slate Tab. III.— 27-5 1- 28-5 

Steatite Tab. III.— 1-24 28-5 

Syenite Tab. VI.— 48-4 

Talc-rock (Quartz, Ft^l.spar, 

Talc) • Tab. VI.— 48-4 

Trachyte .... Tab. VI.— 48-4 

The two following chapters are in the form of a dia- 
logue between the upholders of the old and new systems 
of anhydrous analysis. This form is adopted because 
it is hoped that an impartial comparison between the 
merits of the two systems will thus be presented to the 
candid student in the manner best impressing on his 
attention, dry, but necessary details ; while the most 
interesting and novel facts are thus enabled to be 
strongly marked and highly coloured. 



CHAPTER X. 

INNER CALCIXJM'PYROBORATE BALLS* ''CHEMICAL 

WATER,'* ETC. 

Allow me now, the whole preKminary way to our 
work having been cleared, to introduce to the reader 
my thre0 typical students, Messrs. A., B., and C, who 
shall represent respectively English, and Freiberg, or 
New Jersey students. 

Mr. A. is the type of my model students : sharp, 
attentive, judicious, diligent, and careful — A-1 at the 
pyrological Lloyd's, in fact. B. is a very good ex- 
ample in the way of students also, patient and hard- 
working, but rather dull. Herr (or Mr.) 0. is 
either a Freiberg Professor who speaks English and 
German with equal fluency, or a New Jersey American 
lately from Freiberg (soon proves to be the latter). 
Some people even say he has been specially deputed 
from either or both of those places in order to " see if 
there is anything in these new methods.'* At all events> 
he is a man of excellent talents, and a splendid mani- 
pulator with the mouth-blower, but " wedded " to the 
old, time-honoured system of analysis — borax, charcoal^ 

♦ A paper on this subject, declined by Section " B " of the British 
Association at Swansea, in 1880, was translated into German and read 
a fortnight later at Dantzic, before the Grerman Association, by Pro- 
fessor Gilbert Wheler, of Chicago, who procured the paper from me 
for the purpose. 
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" outer flames/' &c. — which I have permitted him to 
solely employ here, on condition he uses none of the 
fluid, violent acids, which certainly form no part of 
Blowpipe manipulation. The students are seated at 
three well-separated tables, so that they cannot see each 
other's work ; A. and B. have the apparatus and re- 
agents, &c., around them, described in previous chapters, 
and C. has a complete and beautiful set of Plattner's 
apparatus made by Lingke, of Freiberg {barring the 
bottles of acids, which have been removed), with a copy 
of Professor Cornwall's lately-published book, " Blow- 
pipe Analysis and Determinative Mineralogy." " Gen- 
tlemen " (I say by way of prefatory address) " we shall, 
of course, commence with the easiest subjects ; and the 
only further observation I have to make is, that I have 
placed that clock full in sight of all, to remind you that 
rapidity in Blowpipe Analysis is of almost equal im- 
portance with correctness,^^ Example 1. — ^Whitb, 
OPAQUE, AMORPHOUS FRAGMENTS (evidently of soms 
mineral). All three tried the hardness with a penknife 
point, in spite (or contempt) of " Moh's Scale of Hard- 
ness," which is as follows, — 

2. Rock Salt or Gypsum wiU scratch Talc. 1. 

3. Calcite will scratch Gypsum. 

4. Fluor-spar will scratch Calcite. 
6. Apatite will scratch Fluor-spar. 

6. Orthoclase will scratch Apatite. 

7. Quartz will scratch Orthoclase. 

8. Topaz will scratch Quartz. 

9. Corundum will scratch Topaz. 
10. Diamond will scratch Corundum. 

and is far more correct than the trial with a pen- 
knife, the point of which is turned by the first 
harder mineral it is drawn across. A. brought his 
work (boric and phosphoric acid beads) up in ten 
minutes; B. in about twenty; and C. did not come 
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at all, but said ''he thought he could guess what 
the mineral was, though he could not prove it without 
HCl (hydrochloric acid), ammonia, and ammonium car- 
bonate/* A/s notes were as follow : — *' 1. Powder in 
boric acid O.P. ; about half, opaque white fragments, 
evolving grey opaline matter into the bead on continued 
O.P. ; about five-elevenths — or the right side of square 
11, Fig. 113 ; transparent balls, slightly opaline hot, 
transparent pale green cold, and evolving grey opaline 
matter (combined water) into the bead in continued O.P., in 
consequence of inner transparent balls (Fig. 117), looking 
like surface crystals on the balls through a weak lens. 
(About half silica ; no alumina; about 45 per cent. limSy 
with calcium silicate — the inner balls — and traces of 
magnesia and iron protoxide) ; one or two minute, brown, 
transparent balls, colourless, after H.P., (trace of man- 
ganese), 2. Powder in pink P. acid P.P., about half 
undissolved (about half silica; consequently no a/wwtiwa, 
because all undissolved fragments in (1) are also un- 
dissolved here) ; bead remains pink (noalkali or alumina). 
3. Presence of lime confirmed by E.P., on a candle pyro- 
cone — see Table II. — when there was a strong red- 
orange ' mantle ' [lime] ; also by cobalt solution, after 
O.P., which turns a fragment blue." " I therefore 
consider " (A. appended to his notes) " that this mineral 
is ordinary calcium-silicate, or Wollastonite,'' 

B.'s notes were rather confused. He, too, concluded 
the mineral to be calcium-silicate, but said ** he thought, 
from the opacity of the bead, there must be alimiina 
present.'' He " had not tried the powder in pink P. 
acid " — which would have confirmed the absence of 
alumina. 

Mr. C. stated, " The fusibility B.B. of this mineral 
is from 1 to 5 — certainly not over 5 ; it fuses to a semi- 
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transparent glass, with a slightly orange flame (trace of 
sodium). It may be Pectolite, Analcite, Apophyllite 
(although scarcely sufficient intumescence in fusion for 
that), Wollastonite, Meionite, Melilite, Cancrinite, Bar- 
soTvite, &c." (1. b, Cornwall's "Determinative Minera- 
logy," New York, 1882.) " I should of course have 
distinguished these had you allowed the use of acids, by 
observing whether they gelatinised perfectly or imper- 
fectly with HCl. 

"Answer," written on the blackboard, was as 
follows : — 

Mineral (85, 105, 110, also in granite and lava), 
Wollastonite, analysed by "Wiehage (Dana's " System 
of Mineralogy," 1877, p. 211). Silica (SiO^), 51-90, 
iron protoxide (FeO) with manganese monoxide (MnO) 
0*96, magnesium oxide (MgO, magnesia) 0*65, calcium 
oxide (CaO, lime) 46*44 = total 99.95. N.B.— In future, 
chemical formulae alone of mineral constituents will be 
given. An alphabetical explanatory list of the more 
important chemical combinations is appended. 

Mr. C. — " I should like to see how your razor-like 
follower here (A.) got that * red-orange* flame? I 
tried the mineral for that, and couldn't get anything 
more than orange without the red." 

"Simply by touching one side of the candle-wick 
with the freshly-calcined mineral, held in pt. forceps 
whilst the blue blowpipe pyrocone (or ^ flame ' as you 
call it) is being produced — thus." 

C. [surprised), — " "Well, now, I call t/iat an improve- 
ment ; I shall send a note of that to The States, sir." 
(To A.) "I see, sir, from your notes, that you find 
' combined water ' in Wollastonite ; now all mineralo- 
gists maintain — and I maintain — that it ^ yields little or 
no water.' " (Cornwall, p. 284). 
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" Allow me, Mr. C." (said I), " to explain this matter 
instead of my pupil, and to add that it affords mo a 
pleasure and gratification I can scarcely express in words 
to have the opportunity of so explaining this most 
interesting and novel fact to a pyrological chemist of 
your ability and candour. You see here I have got a 
blowpipe assay bdlauce iu glass and mahogany frame (a 
very good though a small one, which obtained a prize 
at a German scientific exhibition, made bv Neumann, 
who preceded Lingke, and 
from whom I purchased it, at 
Freiberg, in 1867), and a 
binocular microscope. Well, 
now, follow me while I cal- 
cine B.B., a piece of this clean 
eggshell till it glows white- !■ 
hot, crush it to fine powder " 
between agates, and apply pre- 
cisely 5 mgrs. {milligrammes) 
of it very carefully to this bead 
of pure boric acid, B.B. ; the 
result, as you see, is a still 
perfectly transparent bead, 
containing several equally 
transparent and colourless Calcium^OTtitB Balla. 
balls, (Fig. 116), which after 

a few more seconds' treatment before the blovrpipe, 
coalesce into one ball. Throwing tho bead and con- 
tained ball, with its wire ring, into this capsule of boil- 
ing water (H, Fig. 21), in a few seconds I obtain the 
ball per se, and weighing it in my balance, find it is 
exactly four times the weight of the freshly calcined 
lime powder used to make it — viz. 20 mgrs. I have 
done this numberless times with the same result. You 
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will, therefore, readily admit the fact that anhydrous 
calcium-pyroborate consists of 25 parts of caustic lime 
and 75 parts of pure boric acid. 

" Watch me closely, now, while I calcine and crush 
some more eggshell, hydrate it with a few drops of 
distilled water until all steam has stopped ; very gently 
dry the hydrate on warm Al plate till the superfluous 
water is evaporated and no more ; weigh 5 mgrs. of it 
and apply the same, B.B., to another bead of pure boric 
acid. Mark the difierence! The head is no longer 
transparent as before, but almost opaque with grey 
opaline matter, evidently obtained from the calcium 
hydrate (slaked and dried lime). But on boiling this 
opaque bead in the capsule H. you see I still obtain a 
perfectly colourless, transparent hall from its interior, 
which, however, as you see, only weighs 15 mgrs., or 
exactly three times the weight of the calcium hydrate 
taken to make it." 

''l^rtt^^^urr""" ''*"='^'''*^' i ^ao too h,o 25a 

'^f^rch^Se'^XSa"''''^'''} CaO 75-7 H,0 24-3 

C. "This seems important; allow me to make a 
note of it." 

"Certainly, sir, if you wish it." C. — "Have you 
observed, sir, by the two formula obtained from your 
results — CaO 25-0 B3O3 75-0 (calcium borate) and CaO 
75*0 H2O 25'0 (calcium hydrate), that the 'chemical 
water,' as you call it, has only one-third the combining 
power of boric anhydride — i,e, that three times as 
much of boron trioxide as of the former can combine 
with lime ; therefore, if you take the combining weight 
of oxygen as 1 6 and of hydrogen as 1, you will have 
16 X 4 = 64 (the nearest multiple to 75-3H or 72), 
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or O4 and 11 H (say 12 H for an equal multiple), 
that is, H12O4, or, in simplest form, H3O as the 
symbol ? '' 

" Yes, sir, I did remark this apparent confirmation 
of these results ; but I took the old weight of oxygen, 
8, as my basis (that being more convenient), which 
makes the formula of * chemical water ' H3O9, or, in 
simplest form, HO3. 

" You will now be perhaps unwilling to deny that 
this ' grey opaline matter,' communicated to anhydrous 
boric acid B.B. by hydrated lime, and not by freshly 
calcined lime, is due to combined or 'chemical' 
water ; and you would also, I presume, be not indis- 
posed to analogically admit that similar ' grey opaline 
matter,' communicated B.B. to anhydrous boric acid by 
other mineral substances than lime, is probably also 
due to combined water ; more especially if, with the 
opaline boric-acid bead thus produced, you can r^- 
hydrate freshly calcined lime, so as to make it then 
afford an opaque bead before the blowpipe ? '^ 

C._" Certainly." 

" Mark me then, while I treat 5 mgrs. of this pure 
silica from Gorlitz ; or, if you prefer it, I will take 
pure crushed ' rock-crystal ' — the ' glass ' of one of 
your spectacles, for instance." 

C.-^" No, thank ye, sir ; the Gorlitz silica will suit 
me exactly." 

'^ Well, as you see, the prolonged treatment of this 
weighed silica in a bead of pure boric acid in the hottest 
' flame * (as y(m call it) of the hot-gas lamp with foot 
blower (Fig. 21) has not the slightest effect upon the 
contained silica, or on the transparency of the con- 
taining bead. If necessary, I could boil out this silica 
from the bead, and re-weigh it to prove the fact (as I 
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have oflen done before), but you may take my word 
for it. 

" I now add to this silicious bead B.B., the anhydrous 
calcium- borate ball we extracted from the boric-acid bead 
in our first experiment, and found to weigh 20 mgre. 

" See ! ' Grey opaline matter ' immediately begins to 
be evolved from tlte silica (for we before found this 
anhydrous calcium -borate ball to float <pdt.e transparenily 
in its containing bead,Fig.H6, 
and, therefore, it can commu- 
i nicate no opaline matter what- 
1 ever to the latter), until the 
I bead becomes all but opaque ; 
' precisely as A.'s Wollastonite 
bead was opaque. I now boil 
out the silica, drj', and weigh 
it. You see it only weighs 
3 mgrs. now, whilst the weight 
of the calcium-b orate ball is 
still exactly 20 mgrs. He- 
peating this process, I thus 
obtain another B acid bead, 
but not nearly so opaque, 
1 from this silica, which, ex- 
tracted as before, now only 
e than half (A this pure silica 
consists of some hydrogen and orygen compound, which 
we have here called ' combined water.' But this is 
not all. I now take the 20 mgrs. calcium -borate ball 
carefuUy upon a small hook of thin red-hot platinum 
wire, ) such as this, and fuse or dissolve in 

it by O.P. (your O.F.) a very small portion of pure 
silica powder, so that it is now silicious calcium-borate. 
I then run it while red-hot down the shank of the 




weighs 2 mgrs. Thus, i 
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wire, straighten the hook, and thus easily run the red- 
hot ball back again, completely off the wire, upon a 
clean aluminium tray — thus. I now note the weight 
of the silicious ball, crush it with forceps, apply the 
powder to a fresh bead of pure boric acid, B.B., flatten 
the hot bead on Al plate, and place it with its contents 
imder the ^-in. objective of this microscope. You will 
observe that, barring the fragments of free silica, this 
bead is precisely similar to the Wollastonite bead of Mr. 
A. (Fig. 117), or, in fact, calcium silicate without free 
silica. I now boil the silicious CaB204 out of the bead, 
dry, and weigh it again. Observe that, in spite of the 
opaline matter evolved, it is considerably heavier than 
before ! Considerations as to the apparent cause of the 
singular formation of these inner balls of silicious 
calcium-borate must be reserved for another chapter. 



Table XIV.— -More Important Basic Oxides, &c., 
FormulaB, with their Combining Weights. 

(CompUed from Miller's " Chemical Physics.") 



AI2CI6 

AI2O3 

AgCl 

AgzO 

AuCls 

AU2 O3 

BaCl2 

BaO 

BiCl3 

Bi2 03 

CaCl2 

CaO 

Cda2 

CdO 
CH4 
.CO2 
C0CI2 
CoO 
C02O3 
CraClG 



267-7 

103- 

143-5 

232- 

232-1 

441-4 

207-8 

153- 

316-8 

464- 

111 

66- 

183- 

128- 

16- 
44. 

129-8 
74- 
165-6 
318- 



=1 111-2 



= 183-2 



CrO 
Cr2 03 
CuCla 
CuO 
Ca2 
JFe2Cl6 
FeO 
Fe2 03 
FeS 
Hg CI2 
HgO 
H2O 
HgoO 
KHO 
K^O 
LoO 
IL^Cl 
MgCl2 
MgO 
Mn CI2 



= 68 
= 153 
= 134 
= 79 
= 143 
= 269 
= 72 
= 169 
=. 88 
= 271 
=: 216 
= 18 
=1: 416 
= 56 
= 94 
= 30 
= 78 
= 95 
= 40 
= 126-1 
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MnO : 
MnOa = 
Mn2 O3 : 
NaCl : 
Na2 : 
Na2 HO: 
NiO : 
NiaOa : 
Nia2 = 
PbO : 
PbCl2 : 
PtO : 
RCI4 : 
Pt02 : 
Sbaa : 
Sb2 03 : 
Sb2 05 : 
SH2 : 
8nCl4 : 
SnO = 



71- 
87- 
158- 
58-6 
62- 
40- 
74-8 
166-6 
129-8 
223- 
278- 
213-4 
3391 
229-4 
228-6 
292' 
324- 
34- 
260- 
134- 



Sn02 


— 150- 


SO4HS 


t= 98- 


S02 


= 64- 


8rCl2 


= 168-2 


SrO 


= 103-5 


iTaaOs 


— 355- 


TI2O 


= 424- 


TaFs 


= 232-5 


Ti02 


= 82-3 


TlCl 


= 239.5 


U2O3 


— 288- 


TiCU 


= 192-3 


vols 


= 350-1 


VO3 


= 1851 


WO3 


= 232- 


ZnO 


= 81- 


ZnCl2 


= 136- 


ZrOa 


= 121-5 


ZrF4 


— 165- 



Examples of the way to use the above Table, with 
the Atomic Weights quoted in Table III. (Valentin). 

How much Copper Monoxide can I obtain by the oxida- 
tion of 100 ffrs. of Copper ? 

63-5 : 79-6 :: 100 

At. Wt. Wt. of Mole- Grs. of 
of Copper. cule of Cu O. Cu 

63-5) 79500 (125-196 grs. of Chi O 
635 

1600 
1270 

3300 
3175 

1250 
635 

6160 
5715 



4360 
3810 
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Hcno much Copper when 100 grs. Cu are reduced in 
a current of hydrogen? 

79-6 : 63-5 :: 100 

Wt. of Mole- At. Wt 
cule of Cu O. of Copper. 

796) 63600 (79-874 
6666 



7860 
7166 

6960 
6360 



6900 
6666 



3360 
3180 



Distillation of Water in the Field. 

A rough but effective mode of obtaining sufficient 
distilled water to fill the dropping bottles (Figs. 69, 
70) is as follows : — 

Have an extra lid to your saucepan, and keep it 
clean, reserved for this purpose, marked " A.'* Boil 
the purest obtainable water in the well-cleaned sauce- 
pan, and, when boiling has begun, cover it with " A " 
having a towel wet with cold water fastened on it. 
In a few seconds the inside of " A" will be covered with 
drops of condensed water, which are to be poured 
{through a funnel) into J, Fig. 70. A repetition of 
this process will soon fill the bottle. 



CHAPTER XI. 

RATIONALE' OF OUTER AND INNER BALL FORMATION. 
—SODIUM AND NON- SODIUM YELLOW FLAMES,— 
CAUSE OF THE COLOUR OF SAPPEIRE, EMERALD, 
AMETHYST, ETC. 

C. — " Before proceeding, would you kindly say if it 
is necessary to crush the silicious calcium-borate ball 
before adding it B.B. to the boric acid, in order to 
produce the inner balls P " 

" Certainly not. You can apply the weighed silicious 
ball, just as it is, to fresh B. acid, B.B., and almost 
immediately obtain the inner balls." 

C. — ^^ But how do you explain the formation of these 
* inner balls ' communicated to calcium pyroborate by 
silica ; and, indeed, that of the outer balls also P '* 

*' The small sphericles or balls formed within a bead 
by the application B.B. of lime and about twelve other 
oxides to boric acid, are evidently due to the respective 
cohesion of two liquids — liquid, of course, only when in 
a state of fusion B.B. — which do not dissolve each other 
(although that is not the opinion of some chemists), 
but possess nearly the same specific gravity; just 
as this oil, poured into diluted alcohol, remains 
suspended within it in the forms of perfectly spherical 
masses. The two liquids in the case of lime applied 
B.B. to boric acid, are the latter (containing), and 
calcium borate (contained). The boric acid coheres 
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to as near a sphere as the platinum-wire ring to which 
it clings will allow, and hence the advisability of making 
the ring as nearly round as possible. The calcium 
borate coheres to as many perfect sphericles inside the 
bead as there are fragments of lime applied ; and these 
sphericles are immediately resolved into one by O.P. 
applied to the containing bead. It is usually supposed 
that the two liquids, in an experiment with fluids, must 
be of ^precisely the same specific gravity.' (' Miller's 
Chemical Physics,' page 65), but that is not necessary; 
for, you see, here is a sphericle of pure gold floating in 
the boric acid bead B.B. in exactly the same manner 
as the calcium borate sphericles float." 

C. — " This is quite clear ; and, as you have shown 
the contained spheroidal borates to consist of materials 
in definite proportion to each other — ^both interesting 
and important to my mind ; but I do not yet see why 
or how calcium silicate forms inner balls in calcium 
borate B.B. Why does not the lime of the former 
combine with or rather join the lime of the latter, and 
dissolve the silica transparently in the ball, as you 
showed us it did when the ball was held per se on a 
platinum- wire hook B.B. P " " Your observation shows 
that you are following me closely, and this is precisely 
the difficulty as regards the nature of these inner balls 
which occurred to myself. In the absence of a men- 
struum (at present) for dissolving the outer, and thus 
obtaining for examination the inner balls per se, which 
will no doubt one day be found (Prof. Q-. Q-. Stokes, 
Sec. Royal Society, recommends me to try acetic add, 
which I intend doing), I attempted to come to some 
definite conclusion regarding their nature by a process 
of ratiocination, and argued thus : " If," said I to my- 
self, "these inner balls are silico-borate of calcium, balls 
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will be formed, when pure Bilica is applied t d the cal- 
cium borate, held hy itself on a platinum wire, without 
the containing bead of boric acid B.B. ; and this we 
have seen is not the case. If, on the contrary, fresh 
boric acid derived from the outer containing bead is 
absolutely necessary for their formation, the presumption 
must be that calcium borate cannot be decomposed 
either by separate or dissolved silica, in boric acid, B.B. ; 
or, in other words, that the calcium borate will not give 
up any part of its proportion of boric acid to the calcium 
silicate in order to form inner balls, or any part of its 
lime to combine with the silica ; and that the originally 
added silica, therefore, is simply dissolved in the ball 
per se, and changed in its nature through the abstrac- 
tion of its * chemical water ' by the action of calcium 
borate at this high temperature upon it. The silica 
then gradually becomes, as it loses this water, in a 
maimer, itself ' caustic,' and capable of forming, at high 
temperature, a fusible compoimd with boric acid, which 
compound follows the law of cohesion of liquids while 
fluid and imdissolved in the calcium borate ; just as you 
see this speck of hard marble, when applied B.B. to a 
boric acid bead, at first appears (like silica) as an un- 
acted-upon white opaque fragment ; but shortly losing 
its CO2 and * chemical water ' (which latter immediatehf 
shows itself as grey opalescence in the bead), it forms a 
fusible compoxmd, and appears as a transparent ball of 
calcium borate (Fig. 116), instead of a white opaque 
fragment of calcium carbonate in the bead." 

C. — "But, do you mean to say you think you 
have, in the formation of these inner balls, formed 
a new substance, hitherto unknown to chemists — f.^., 
silicon borate?" "Most certainly. If you do not 
conclude it to be that from the full consideration of 
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these experiments and results, will you kindly afford a 
clue to any other explanation of the phenomena? I 
consider that not only one new substance (silicon borate) 
has been here proved to exist, but that another sub- 
stance (pure silica, or ' rock crystal,') — although not 
'new' to chemists in one sense, has been hitherto 
partially misunderstood by them as to its nature (it 
being in reality a hydrate), in consequence of their 
solely employing, in its analysis, hydrated acids." 
C. — " What do you mean by that last expression ? " 
" I will make you explain it to yourself. You have 
seen, beyond all doubt, that what I have termed * che- 
mical water ' causes the evolution of grey opalescent 
matter in boric acid B.B.?" C. — "Certainly, I am 
quite assured of that fact." " Well, now, will you be 
so good as to fuse a bead of this pure boric acid upon 
this ring of new, clean platinum wire ? You observe 
that, when cool, it is as transparent, colourless, and 
refractive as the * rock crystal ' of your spectacles itself. 
Now, dip that bead, in a state of red-heat, into this 
beaker of distilled water, and heat the bead again B.B. 
What do you observe in it?" C. — "Nothing; the 
bead is lessened in bulk, in consequence of the bursting 
of the innumerable bubbles of steam formed, but it is 
now as transparent and refractive as before." " Now, 
mark ! I pour just a little sulphuric, or nitric, or hydro- 
chloric acid into the beaker of distilled water, and stir 
it well round with this perfectly clean glass rod. Be 
so good as to dip your red-hot bead again into this 
acidulated water, and, after heating B.B,, and cooling, 
tell me the result ? " C. — " The result is, faint streaks 
of grey, opalescent matter, which, on further heating 
and cooling, render the whole bead slightly opaline^ and 
I see now what you mean by the expression ' hydrated 

L 
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acids.' It seems to me, therefore (adopting your views, 
which I don't say I wholly do yet), that if we treat 
calcium borate (or the anhydrous contained ball) sepa- 
rately with silica in a boric acid bead B.B., the com- 
bined lime, only during the continuance of high tefnpera" 
ture, has an attraction for the supposed ' water ' of the 
silica, and extracts it, itself becoming hydro-horsLte of 
calcium only during the period of high temperaturey giving 
up the thus-obtained ' chemical water ' on cooling, to 
the surrounding boric-acid bead, where it (the chemi- 
cal water) floats undissolved as a finely-divided preci- 
pitate on becoming cold (for I see the whole bead is 
perfectly transparent whilst hot), which you call * grey 
opalescent matter,' but which I should certainly call 

* hydrated boric acid* " "My dear sir" — "Stop a 

bit ; I haven't done yet. If we admit all this, it seems 
to me to follow that if you dissolve 'hydrated' (or 
ordinary) silica in calcium borate held per se on a pla- 
tinum hook and then treat the silicious ball in a boric 
acid bead B.B., the lime of the ball, caustic in spite of 
its combination with boric acid at high temperature, and 
then only capable of forming the double combination 
with this water and boric acid which I will call * Cal- 
cium hydroborate ' (only existing at high temperatures) 
extracts the water, as in the other case, from the silica; 
although in this case, the silica, being contained within 
the ball, cannot escape into the bead, but there, i.e. 
within the ball, forms the fusible compound with boric 
acid obtained through the ball from the outer bead of 
which you speak, and, assuming the spherical shape 
whilst fused and liquid, in obedience to the law of 
cohesion, appears, finally, as * inner balls of silicon 
borate,' when, of course, the containing ball would be 
much heavier, in spite of the opaline matter it evolved. 
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Is this what you mean?" "My dear sir, you have 
expressed my meaning more clearly than I could 
myself." C— " Well now, will you kindly explain, if 
your conclusion is correct, how it is that the silica, 
dehydrated (and thus rendered capable, according to 
your accoimt, of forming * silicon borate ') by the cal- 
cium borate ball treated separately with it B.B. in a 
boric-acid bead, does not then form * silicon borate' 
separately in the head ? " 

"For two reasons: Ist, because the boric acid, with 
which the inner anhydrous silica combines, is derived 
from the containing ball, where it must be absolutely 
anhydrous ; the ball meanwhile supplying its loss with 
boric acid from the containing bead in exchange for the 
water derived from the silica, so that a round of chemi- 
cal exchange goes on. 2nd, because, perhaps, the two 
fusion-fluids, * silicon borate ' and calcium borate, are 
suitable for exhibiting the phenomenon of floating 
spheres (as oil and dilute alcohol are suitable) ; and 
the two fiision-fluids, * silicon borate' and boric acid are 
not suitable (as alcohol and water are not suitable).^' 

C. — "Well, there is no doubt the inner balls do exist 
(and must be accounted for somehow), for I have just 
broken a calcium borate ball containing them in half, 
and placed it under the microscope ; and here they are, 
sticking out of the broken side of the hemisphere. Is 
silica the only substance which, thus applied, forms 
inner balls in calcium borate ? '' " Oh dear no : zir- 
conia, glucina, alumina, tungstic and molybdic acid. 
In fact, so far as I yet know, all * earths ' and non-vola- 
tile oxides, which do not themselves form balls in boric acid 
B.B., form these inner balls. The sublimate of anti- 
mony forms balls in calcium borate j^er se B.B. with the 
evolution of 'chemical water.' But the inner balls 
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fomied by some oxides, as tungstic acid, crystallise utider 
continued O.P., and these crystals constantly exhibit the 
same form ;* which, as you know, is quite the cjontrary 
with borax crystals B.B." C. — " Again, this seems to 
me a matter of some importance." " You stated just 
now, that I ought to call that fine precipitate, which 
appears as grey opalescence in the clear B. acid bead, 
hydrated boric acid. Would you suppose, now, that boric 
acid thus * hydrated ' should have changed any of its 
properties ? " C. — " Certainly I would ; and, indeed, 
I was just going to remark that your boric acid beads, 
opaque with grey opalescent matter, seem to differ in 
no respect (except opalescence) from the transparent 
beads.'^ "What substance, then, would you call this?" 
[taking some tchite poicder out of a bottle, and heating it on 
a platinum spatula under C/s nose). C. — "Resin, or 
some related hydrocarbon." " This, sir," (fusing the 
2)0ivder B.B. on apt. tcire ring), " as you see, is opaque, 
or hydrated boric acid, which apparently acquired that 
peculiar smell of resin by simple exposure to the air, in 
about a year after it was hydrated in the Royal Artillery 
Institution Laboratory, Woolwich, in 1873." C. [re- 
flectively) — "Are you quite certain of this? The resin- 
ous smell on ignition is unmistakable ; and yet there 
was certainly no inflammation, as would be the case in 
thus heating resin. Was this boric acid hydrated with 
* water ^ from silica?" "No, but you see, it also re- 
hydrates calcined lime." [Calcining to white heat in 
O.P. of the hot-gas lamp a fragment of pure marble, larger 
than the opaque bead, upon the latter. The glovnng lime 
slowly clarifies the bead, and, tchen afterwards separated 

♦ The New York scientific Journal called SciencBy contained, in 1880, 
Ji wood en^aying of a microscopic crystal of Tungsten -borate, 
published with the paper alluded to above. 
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from the head^ crushed, and ap2)lied to fresh pure B. add 
JB.B., evokes grey opalescent matter into the transparent 
bead.) " Follow me in this experiment, and I will show 
you how this B. acid was hydrated. When I thus make 
a paste of calcium hydrate and dry it as a large opaque 
bead in gentle P.P. on this pt. wire ring ; bend the long 
wire double, and fuse a bead of pure boric acid upon a 
similar ring made at the other end of the wire, holding 
the two beads at the bend of the wire in the forceps 
so that the ' flame ' of the hot-gas lamp, directed upon 
the Ca hydrate, plays afterwards upon the B. acid 
(Pig. 44), what is it that causes this gradual opales- 
cence in the transparent, colourless boric acid ? '' C. — 
"Why, the * chemical water' of the calcium hydrate; 
I quite understand that now ; there is really no necessity 
to go through all this again^ " Excuse me, sir, that is 
not my object ; but do you observe this yellow flame 
emitted from the calcium hydrate while it is slowly 
calcining in O.P., and evidently causing the opalescence 
in the boric acid, by impinging steadily upon the bead, 
imtil the hydrate is perfectly calcined and begins to 
glow white-hot ? What is that ? '' C— " What is 
that yellow flame ? Why, sodimn, of course ! " " Ob- 
serve me now, and I will prove to you that it is not 
sodium. Taking the lime-bead off the first ring, I sub- 
stitute for it a bead of sodium carbonate, and thus, 
allowing its indubitable yellow sodium flame to impinge 
upon the bead of opalescent boric acid; what is the 
result ? " C. — " The opalescence removed ! The same cause 
producing opposite effects — a reductio ad absurdum — 
against Euclid — no, this won't do at all. I admit, sir, 
that the first yellow flame cannot possibly be due to 
sodium.*^ "To what, then, do you suppose it to be 
due?" C. {considering) — "Well, the yellow flame, 
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which rendered the boric acid opalescent, certainly 
ceased as soon as the calcium hydrate was calcined, 
leaving anhydrous lime behind; this hydrate I have 
seen to similarly opalesce boric acid, leaving (as was 
proved by the assay balance) anhydrous calcium borate 
behind. — Sir, I see no other conclusion except that the 
first yellow flame is caused by the ignition of this * che- 
mical water,' as you call it.'^ "That has been my 
conviction for twelve years ; but you are the first man 
of science I could get to listen, patiently and intelli- 
gently, to my proofs. Some declared they could not un- 
derstand such simple evidence. Others (very unphilo- 
sophically, I think), laughed at me and my proofs, and 
said I was setting the Thames on fire, &c., &c. But I 
will now show you how I hydrated this boric acid with 
the resinous smell on ignition. Taking the bent pla- 
tinum wire again (Fig. 44), I insert in the ring next 
the O.P. this little roll of new clean platinum foil, 
simply to have a considerable quantity, or bulky of 
platinum in contact with the blowpipe * flame,' as it 
then cannot be heated beyond redness, and will con- 
sequently, continuously emit a yellow flame ; this yellow 
flame also, as you see, renders this fresh bead of pure 
boric acid opalescent, probably, because redAiot plati- 
num being known to decompose water (Grove. Corr. 
Phys. Forces, p. 81), this hydrogen compoimd is thus 
eliminated from atmospheric moisture, and attracted 
by the hot boric acid. 

"Well, before I discovered this fact, I fused about four 
ounces of pure, crystallised boric acid in a clean open 
platinum dish at a table-blowpipe in the R.A. Institu- 
tion, Woolwich, with the result of finding all my boric 
acid grey, opaque, and (as I thought) spoiled ! I do 
not mean to assert that you cannot fuse boric acid in 
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platmum without producing this result; but I over- 
heated mine, keeping the platinum at a strong red heat 
for some two hours, and producing, therefore, an enor- 
mous amount of this yellow flame, which filled the dish, 
playing upon the boric acid all the time it was being 
fused. I don't remember it exhibiting this resinous 
smell on ignition at first, and imagine, therefore, that 
it was thus rendered capable of gradually absorbing 
more hydrogen (and, perhaps, carbon) from the air to 
which it was constantly exposed when the stopper of 
the bottle was left off. It is this boric acid which has 
the resinous smell on ignition. I will now show you 
another curious result of the supposed hydration of boric 
acid. You see I have got here a stoppered bottle of 
grey mineral powder. It is pure crystallised Wavellite, 
lately discovered in the country of which you are so 
justly proud (The States), but baked for a fortnight 
in my kitchen oven (which you now know better than 
to suppose would eliminate the * chemical water,' and 
which it, in fact, concentrates), crushed, and put into this 
bottle. I purchased this Wavellite some years ago, 
from Henson in the Strand, because I knew it, as alu- 
minium hydrated phosphate, to contain a large amount 
of ' chemical water,' and was curious to see what the 
effect would be of dissolving its fine powder B.B. in my 
hydrated boric acid, by means of the cautious addition 
of potassiimi hydrate. You shall now do this yourself*, 
but first I would ask you to test the Wavellite for iron or 
other possible metallic colouring oxide, with the borax 
you have there, as you do not believe in my re- 
agents." 

C. — " Do not say that, sir ; I begin now to see 
the drift of what you call your system, and believe in 
it ; but I will now try this powder, as you suggest, 
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• 

in borax B.B. for the satisfaction of others, and I find 
the borax bead not even yellow hot ; so presume the 
powder to be so far free from metallic colouring oxides 
that at all events they cannot contribute any recog- 
nisable colour to a bead. Now, what shall I do?" 
" Fuse some of the resin-smelling boric acid B.B., to a 
bead on this platinum wire ring, and, taking up on the 
hot bead gradually some of this baked Wavellite powder, 
with a mere trace of potassium hydrate to dissolve it, 
treat the mass with a powerful H.P. (you know what 
that means now) from the ' hot-gas lamp.' " C. — 
** Why, the bead turns a bright purple ! '' " Now, dip 
the hot bead, first in the hydrated boric acid again, and 
then in the Wavellite powder, plus a trace of potassium 
hydrate, and continue the treatment with H.P." C. — 
"This is really curious. The bead is at first purple, 
then a beautiful sapphire-like hluey and quite trans- 
parent ; then it becomes an equally brilliant emerald* 
like greenJ' " If you wish it to remain blue, dip it in 
hydrated boric acid again." C. — ''Dark blue again. 
All these colours cannot possibly be due to any metallic 
oxide : cobalt would give a blue bead, copper or chro- 
mium a green one, and manganese a purple one ; but 
no single oxide could produce all three colours. Did 
you not commimicate this matter to your Royal So- 
ciety? " " Yes, but the secretary sent me the materials 
back again, with a note to the eflect that he had 
not time to try them as suggested, but believed the 
colours of gems, &c., to be due to minute portions of 
metallic oxides. I then forwarded the packets to Herr 
Professor Bruno Kerl, of the Imperial Mining Aca- 
demy, Berlin, whose chemist (Herr Pufahl) did try 
them in the laboratory there, and published a leading 
article on the subject in the Bet^g und Hiittenmdnnische 
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Zeitung for Ist December, 1882, headed * Uber die 
Vrsache der Blaufdrbung von Saphir,* &c." 

Sut time and space alike compel me to hasten to a 
conclusion. (To B). — " You stated ' that you thought, 
from the opacity of the bead, there must be alumina in 
Wbllastonite.' Powder this greyish white, compact, 
amorphous mineral fragment (of which the only blow- 
pipe analysis given by Cornwall, Dana, and others, is 
that *it fuses with intumescence B.B., to a light- 
coloured mass,' like a hundred other things) ; treat it in 
B. acid O.P., and compare the bead it produces with 
that produced by WoUastoniie (Fig. 117)." C— " Why, 
instead of the balls, inner balls, and fragments of silica, we 
have here a beautiful bead oipure w/iite, opaque jewelkra' 
enameiy " Something like that, no doubt, but this effect 
is produced by alumina^ which, attempting to form 
inner balls that probably burst before they can exchange 
their chemical water for boric acid, decomposes the cal- 
ciimi-borate balls, and spreads the lime, exactly like 
* lime-milk,* over the whole bead ; and this is why, in 
Table VI., you will find the most characteristic re- 
actions of both these oxides (lime and alimiina) given, 
as causing the mutual evolution of * copious milky 
matter ; * but the student must remember that the 
quantity of test added must be exactly proportional to 
the quantity of testee (as a lawyer would call it) ; that 
is, if there is only very little alumina present in the 
mineral, only a trace of lime must be added to the bead, 
and vice versd. This mineral is (218, 222, and in granite, 
&c.) ZoisitCy or calcium silicate toith alumina. You see, 
by fusing another fragment of the mineral on Al plate 
in O.P., and treating the powder in this bead of phos- 
phoboric acid (Table VII., note), I obtain the lime in 
balls again (Fig. 116), because calcium phosphoborate 
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is thus formed, which cannot be decomposed by alumina 
in boric acid B.B." 

I have now only time and space left for one more 
typical mineral. Grey, or brownish, or greenish frag- 
ments (shown in " Cornwall,'* p. 285, with about fifty 
others, as " fusing quietly at 3*5 "), which, powderol 
(for I have no time for preliminaries) and applied to 
B. acid O.P., fuses at bottom of the bead, and forms 
an ice-like mass, or jelly, in it afterwards. I see, by 
Table VI., column 4, No. 48, that this indicates 
an alkaline aluminous silicate, the alkali of which is 
confirmed by added CoO, giving a pink mffusion 
in O.P. (Tables III. and VI.), whilst the alkaU is 
proved to be under 5 per cent, soda by the green 
p.c. of the B. acid not being completely yellowed 
(Table III.) According to Table VII., No. 6, I now 
treat powder of the fused fragment, boiled and dried, 
in phosphoboric acid O.P., and find about four-fifths 
white, opaque, imattacked fragments (about four-fifths 
alumina or Al silicate) ; about one-tenth transparent 
balls, clear hot, pale green cold (about one-tenth lime, 
containing iron protoxide : no magnesia) ; one or two 
brown-black, opaque balls, with rust-like matter (a very 
little iron). I now try the original powder in pink 
P. acid P.P., and obtain about four-sevenths trans- 
parent matter undissolved (about four-sevenths silica: 
consequently, about one-fourth alumina, which could 
have been confirmed by adding lime O.P. to the first 
bead, and producing a white enamel) ; bead pinkish bltis 
(about 5 per cent, alkali). The mineral is a constitutent 
of some rocks, generally intrusive, Labradorite. — 
Analysis by Klaproth (" Dana," p. 342) — 

Si02 55-75 AI2O3 26-50 Fe203 1-25 CaO 11-00 

NazO 4-00 H2O 0-5 = 99-0. 
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The following interesting facta should be mentioned 
here: — 

1. A freshly-fused, pure boric-acid bead was fixed 
on platinum foil, first at the anode and then at the 
cathode of a powerful Grove battery, placed at my dis- 
posal for this purpose, by the kindness of Professor F. 
Guthrie, F.E.S. It was found to be a non-conductor 
of electricity, and no result followed. 

2. An anhydrous calcium-borate ball, previously as- 
certained to commimicate no opalescence whatever, 
B.B., to boric acid, was then placed (along with its 
containing bead) in connection with the battery ano^e 
without observable result. 

3. But on communicating the same bead (2), having 
the imchanged calcium-borate ball inside, with the 
cathode of this battery, the contained ball immediately 
began to develop grey opalescent matter into the trans- 
parent bead, until the latter became shortly quite opaque. 

To the careful student of the many proofs given in 
this work that this grey opalescent matter communi- 
cated to boric acid by calcium-borate, indicates the 
presence of some compound of hydrogen, all commentary 
on these three facts is unnecessary. 



CHAPTER XII. 

FREIBERG QUALITATIVE EXAMPLES, 

The following account (on the right-hand side) of 
these experiments was lent to me in 1860^ in his uni- 
versity note-book, by the late Mr. W. Hustler, of Bose- 
merryn, Cornwall. He was the pupil of Plattner and 
Richter, at the Freiberg University. Had he lived, there 
can be no doubt he would have taken a place among the 
few Englishmen who have distinguished themselves in 
this field of research by the contribution of original 
matter to it. Through his knowledge of this science and 
of geology, he, quite by himself, discovered a valuable 
deposit of tin ore {Cassiterite, I believe), near Orense, in 
the north of Spain; and leasing the ground, worked some 
mines there profitably until his death in 1873. He first 
taught me the use of the blowpipe in 1859, and I can 
never forget him. I have made no alteration whatever 
in his experiments, except in the symbolical expression 
of salts, which I have modernized. The letter " B " 
represents a glass **bulb/' or closed test-tube; "C" 
charcoal. The unknown substances were given to stu- 
dents by Professor Richter. The left-hand columns 
consist of analyses on my system. 

N.B. — The numbers above each mineral refer to its geological posi- 
tion : vide Table XI. 

1, Powder 'in B. Acid O.P. 1. A ■white crystalline powder. 

(a) Great eflForvescence "with (a) In B gives off H2O, and 

choking smell [Chlorine or loses its crystalline form. 
Fluorine). See (c). 
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(A) Transparent balls evolving 
opaline matter by continued O.P. 
0arium),* 

(c) With copper oxide added 
O.P. a blue pyrochrome (Chlo- 
rine). 

(d) Powder heated with P. 
Acid in Glass bulb ; glass not at- 
tacked (no Fluorine). 

N.B. — "No S. reaction neces- 
sary. Substance could not be 
both a Chloride and Sulphate. 



2. Powder in B. Acid O.P. 

(a) Great effervescence without 
smell, green p.c. unaltered (Sul- 
phuric Acid). 

(b) Mcuiy white opaque balls, 
trsmsparent after long O.P. (Mag- 
nesium). 

(e) Fragment with soda, C slip, 
H.P. and on Ag. with H2O 
a black stain (Sulphur) : bead, 
opaque with grey opaline matterf 
(mttch combined water). 
77, 98, 108. 
Epaomite. 

Analysis by Stromeyei\ — SO3 
31-99, MgO 16-49, H2O 61-20 = 
99-59. 

8. Powder in B. Acid O.P. 

(a) TJnattacked fragments : as 
mineral is soft, try for Sulphuric 
or Phosphoric Acid. 

(b) Powder fused with Soda on 
Al plate, boiled, dried, and — 

(c) in B. Acid O.P. Great 
effervescence without smell: green 
p.c. unaltered (Sulphuric Acid). 

(d) Many transparent balls 
(Lime). 

(e) Fragment in E.P. Strong 
red-orange mantle (Lime), 



(b) On platinum wire, melts, 
and tinges the flame green (BaO). 

(c) Dissolves in borax to a 
colourless bead, which, when a 
quantity is present, can be flat- 
tened. Pearl white (not crystal- 
line). 

(d) Melted with soda on C and 
dug out, gives no S reaction. No 
reaction for CO2 with HCl and 
H2O. 

(e) With (KHSO4) in B got a 
pale yellow (CI). 

(The substance is Baric Chlo^ 
ride.) 

2. Transparent crystals. 

(a) In B gives off much H2O, 
changes colour, and sticks to the 
glass. 

(b) On C intumesces, remains 
outside, glowing with a white 
light while hot: moistened with 
Co solution in OF turns pink. 
(MgO^ 

(c) On Ag. foil, gives S reac- 
tion. 

(Substance is Magnesic Sul- 
phute.) 

N.B.— No reason given why 
this crystal should be tried for 
sulphur. Co. soln. of no use if 
any iron present. 

3. A white powder. 

(a) In B gives off H2O. 

(b) On platinum wire, or in 
forceps, lighted strongly, tinged 
the flame reddish, and did not 
melt (CaO). 

(c) gave the S reaction. 
(Substance is Oypswm.) 

N.B. — ^Why try an evident 
** earth" for S. in the first in- 
stance? 



* Confirm by yellow-green p.c. of fragment in O.P. (Barium). 

t When this is the case, the bead must be vesiculated or its contents 
boiled out, and transferred to a fresh one from an agate slab (Fig. 66) 
until a clear bead is obtained. 
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(/) Bead opaque with fjrey 
opaline matter {much combined 
footer). 

80, 192, &Cif &c. 
Gf/psum. 
Analysis by Bucholz, — SO3 44*8, 
CaO 330, H2O 210 = 988. 

4. Powder in B. Acid O.P. 

(a) Intense, luminous, bluc- 
green pyrochrome {Copper). 

{b) Bluck opaque balls : cop- 
pery matter from them after H.P. 
{Copper), 

{c) Green fragments, un- 
changed by H.P. {Chromium), 

N.B. — Only an experienced 
workman would suspect copper in 
presence of chromium in borax 
B.B. 



6. Powder in Boric Acid O.P. 

(a) Black opaque balls ; violet 
after H.P. {Cobalt). 

(b) Brown transparent balls; 
colourless after H.P. {Manganese.) 

N.B.— r^ry doubtful if Mn 
could be suspected in presence of 
Co in borax. 



e. Powder in B. Acid O.P. 

{a) TJnattacked fragments. — As 
mineral is soft, try for SO3 or 
P2O6 by— 

{b) Powder fused with soda on 
Al plate ; boiled, dried, and — 

{e) Residue in B. Acid O.P. 
Great effervescence without smell, 
green p.c. unaltered {Sulphuric 
Add).* 

(rfj. Transparent balls, evolving 
opalme matter by continued O.P. 
{Barium), f 



4. A greenish-black powder. 

{a) Dissolved in borax gave a 
pure green colour; thought Cu 
was present, so knocked off the 
bead, and reduced it on C, when 
it was red from reduced copper. 
Got the Cu together, and re- 
dissolved the remainder of the 
bead in more borax, having first 
pressed it abroad. The reaction 
in the OF was yellow hot, and 
yellow-green cold, showing the 
presence of Cr203. 

(Substance was a miztnre of 
CuO and Cr203.) 

6. A brownish-black powder. 

{a) Dissolved in borax gave a 
beautiful reddish-blue, showing 
the presence of CoO. The red 
colour, however, indicating the 
presence of cmother metal, tried 
it with soda and saltpetre on Pt. 
foil, and got the blue colour of 
Mn. 

(Substance was CoO and MnOt). 

6. A pinkish opaque mineraL 

{a^ In B decrepitates, giving 
off httle or no H3O : changes to a 
grey colour. 

{b) In pt. forceps, melts and 
gives a green colour to the OF 
(pres. of BaO). 

ic) Gives no sublimate on C. 

{d) With soda on C, greatest 
part sinks in, but a portion of 
white remains on the year rings 
{pres. of CaO). i 

{e) The remains, dug out of the 



• Confirm by black stain on silver. (See Sulphur) . 
t Confirm by yellow-green p.c. of fragment in O.P. {Barium) and 
Zime by orange-red mantle p.c. in E.P, 
% To detect Zime in No. 6. 
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N.B.— Most probably Strontia 
and Iron present here. 

76, 77, 132, &c. 
Barite, 
Analysis by Heidingsfeld. — Ba 
SO4 83-10, SrSiO 7-10, CaSOi 
6-12, FesOa 1-83 = 99-74. 

7. Powder in B. Acid O.P. 
{a) Great effervescence without 

yellowing green p.c, no smell 
{Sulphuric Acid). 

(b) Bead opaque with grey opa- 
line matter, requiring 4 changes 
(over 40 per cent, combined H2O 
and little or no alkali which 
would remove opalescence). 

{e) About two-sevenths white 
opaque fragments, affording im- 
mediate milkiness on addition of 
lime powder O.P. (about f Alu- 
mina) » 

(d) Powder in Pink P. Acid 
P.P. all dissolved (no Silica). 
36, 40, 45, &c. 
Aluminite. 

Analysis by Stromeyer. — SO3 
23-36, AI2O3 29-25, H2O 4637, 
= 100. 

8. Powder in B. Acid O.P. 

(a) Dissolves with great effer- 
vescence, fumes, and suffocating 
smell (an alkali, with chlorine or 
fluorine) : green p.c. completely 
yellowed (over 5 per cent, of 
Soda). 

(d) On addition of cobalt oxide 
O.P. all balls immediately dis- 
solved, forming a bead, blue, cold 
(over 30 per cent, alkali). 

(<?) On addition of fresh powder 
with copper oxide O.P. no blue 
p.c. (no chlorine). 

(d) Bead boiled with drop of 
wat^ in glass bulb, makes its 
neck dull {Fluorine). 

^e) Powder of a fused fragment, 
T)oiled and dried, in P.B. Acid O.P. 
about ^ unattacked white frag- 
ments, which produce milkiness 



C and put on a silver plate with 
H20, give reaction for sulphur. 

(Mineral is Barite with trace of 
lime.) 



' 7. A white chalky mineral. 

(a) In B gives off H2O, which 
has an acid reaction. No decided 
reaction in the forceps : does not 
melt. No sublimate on C. 

(b) With Co sohi. in OF be- 
comes blue (AI2O3). 

(With sodoy on (7, substance re- 
mains outside.*) 

{d) The C aug out, wetted on 
ag. foil, gives S reaction. 

(e) It is soluble in HCl. 

(Substance is Aluminite.) 

N.B.— Why try **a white 
chalky minend " on C ? Any 
Iron would have destroyed the 
Co soln. reaction. 



8. A white compact mineral, 
like fossilized cocoanut *^ meat." 

(a) Does not change in B, and 
gives off little H2O. 

{b) In the forceps melts easily 
to a round ball, colouring the OF 
reddish-yellow (soda). 

(c) On C gives no sublimate, 
but melts to a clear bead, opaque 
when cold, which spreads out, 
and part sinks into the C. 

(d) With Co solution becomes 
blue (AI2O3). 

(e) No action for S on ag. foil : 
no action for CO2 with A-Cl dil. : 
no action in 6 for CI, Br, or I, so 
tried it with P salt in open tube, 
and got the Fl reaction : also tried 
it with HSO4 in porcelain cup on 
glass, and got a first-rate reaction 
for Fl, so decide the substance to 



• To detect Alumina in No. 7. 
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on addition of lime powd«.T O.P. 
(afiout ; Atuiuiun^ OT ^tf 9ilirat*-,. 

( f) A frafrment fiujod on Al 
plaU.' O.I*. with water until the 
soda is dissolved and washed 
away, and the it-aidue glows, 
aft'ords a bright blue with Co 
tKilution and O.P. {Alumina , free 
from metallic oxides). 

'fl) l*owd«T of {t) in pink P. 
Ac-id P.P. all dlosolved [no silica . 
85, 86. 
Cryolite. 

Annlytin by Berzelitu. — F 54'07, 
Al 1300, Na 32-93 = 100. 



be fluoride of sodium and ala- 
minum, or Cryolite. 

N.B. — Any Iron present would 
have destroyed the Co soln. re- 
action. 

The fluorine is not suspected 
here, until after a series ca ten- 
tative failures in search of other 
things. 



9. Powd« r in 15. A. id O.P. 

(rt) About } blut'-black frag- 
ments, aflurding a blm^ bead on 
large addition of P. Acid U.P. 
(about } TungHten) ; about i brown- 
bLick opaque Italls, with rust-like 
matter (about J^ Iron) : afew brown 
transparent balls, colourless after 
H.P. (a little Manganese). 

(b) Powder in P. Acid H.P. 
an azure-blue bead {Tungsten) y 
which changes to red on addition 
of soda O.P. (over 15 per cent. 
Iron). 

8, 24. 72, &c. 
Wolframite. 

Analysis by Rammehberg . — 
WO3 75-56, FeO 20-17. MnO 
3-54 = 99-27. 



0. A black mineral, with me- 
tallic lustre. 

((?) Is not magnetic before roast- 
ing, nor after. Decrepitates in 
B, but gives off no H2O. 

{b) Gives no sublimate on C, 
and no smell of SOs or As. 

{c) With borax g^ves a reddish 
bead cold, as also with P salt. 

{d) Is sUghtly soluble in HCl, 
and gives a blue colour with 
KiFeCys (Fe203). 

{e) Heated with HSO4 a blue 
fluid is obtained. 

(/) Melts to a slag with soda, 
and is slightly fusible on the 
edges. 

(Substance is Wolframite,) 



10. Powder in B. Acid O.P. 

(a) Great effervescence and 
white vapour with choking smell 
(Chlorifie or Fluorine). 

{b) On addition of copper oxide 
O.P., a blue p.c. {Chlorine). 

{c) Fragment on C slip Al 
plato H.P. melts and affords a 
copious whito sublimate, which, 
through a Ions, appears as myriads 
of metallic balls {Mercury) ; these 
scraped together, form large shin- 
ing visible globules. 

(N.B. — Calomel, Hg CI sublimes 
at once. Corrosive sublimate 



10. A white crystalline sob- 
stance. 

{a) In B gives off a white va- 
pour, which settles on the sides of 
the bulb, and turns yellow while 
hot. In the forceps gives off a 
lot of white smoke. 

{b) On C is melted, and gives 
off copious white fumes, which 
settle on the C, and are very vo- 
latile. 

{c) With soda in B, gives off a 
substance which settles on the 
side, and forms a mirror: when 
rubbed forms gobulcs (Hg). 
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(which this must haye been) fwes 
Jirst, and then sublimes. 



11. (See (9), with about ^ Man- 
ganese). 

19, 46, &c. 

Hiibnerite, 

N.B.— In (9) upwards of 3 

c/c Manganese is missed by using 

borax, and not even detected by 

Soda afterwards. 



it 



12. Powder in B. Acid O.P. 

(a) Ghreat effervescence, with 
smoke," and garlic smell and 

suffocating odour at the same 
time {Arsenic Acid; and, as proved 
by its blue p.c. with copper oxide 
O.P. Chlorine), Bead nulk-white 
enamel-like, opaque (cannot be 
due to alumina and lime ; so pro- 
bably Lead). 

(b) Fragment on Al plate O.P. 
fuses, witii choking and garlic 
fumes, and copious yellow, 
brown, and white subt., first and 
last turning permanently brown 
in P.P. (large proportion of 
Lead), 

{e) Grrey, metallic malleable 
ball, with crystalline facets on 
cooling. (Fkosphate of Lead ; 
confirm by addmg K carbonate, 
K pyrotungstate and potash to 
bead (a) H.Jr., when a turquoise- 
blue opaque bead shows Fhos- 
phorie Add), 



{d) With CuO on C ffivee a 
beautiful blue flame, striped green 
(presence of CI). 

(The substance is, therefore, 
HgCl, or a2.) 

11. A substance with metallic 
glance. 

(a) In B gives no H2O, and 
does not change. In forceps 
melts slightly on the edges. 
Gives no sublimate on C. 

(b) In the OF in borax, gives 
the Mn reaction, and in ItF, 
reactions for Fe. 

(c) In P salt OF, gives the Fe 
reaction, as Mn does not colour 
the bead so strongly in P s£dt as 
in borax. 

(d) In the BF got a red bead, 
which showed that either TiOa or 
WO3 was there; but titanic Fe 
does not melt in the forceps : this 
did, so 

(The mineral is Manganese Wol' 
fram.) 

12. The substance is yellow, 
with a crystalline structure. 

(a) In B decrepitates and 
changes colour a little, but gives 
off no H2O. 

(b) On C gives a smell of As, 
and smokes; which settles as a 
sublimate some distance off, while 
nearer the assay there is a yellow 
sublimate of PbO, and a globule 
of Pb is left behind. 

(c) With CuO on it shows a 
trace of d. 

(Arsenate of lead, or Mimetite.) 
^ N.B. — Here, probably, a -con- 
siderable proportion of phos- 
phoric acid is missed. 



M 
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8, 72, 238, &c. 
Mimetite. 
Analysis by RammeUherg, — Pba 
AsO* 71*70. Pb3P20« 19-00, Pb 
CI 9-46 = 10016. 

13. Powder in B. Acid O.P. 

(a) Great eflfervoscenco with 
« smoke/' and choking smell ; 
with CuO a sky-blue p.c. (Chlo- 
rine). 

{h) Dark blue p.c. from powder 
at bottom of bead, and enamel- 
like matter (Lead), 

(c) Fragment on Al plate O.P. 
Choking white fumes (large pro- 
portion of Chlorine) ^ dark blue 
p.c. from assay (Leak) : no subt. 
(no arsensic, occ.) : with C slip, 
copious yeUow, brown, and white 
suDts. first and last turning brown 
in P.P. (large proportion of lead). 
225, 226, 228, &c. 
Cotunnite. 

Analysis by Covelli, — CI 26*5, 
Pb 74-6 = 100. 



14. Powder in B. Acid O.P. 

(a) Minute black opaquiB frag- 
ments ; on addition of soda H.P. 
dissolves to g^een bead ; lines in 
spect. Fig. 97. (Pure Uranium 
Oxide). 

N.B. — A large proportion of 
Iron, and other ^ings, might 
have been present without detec- 
tion by the borax assay. 



16. Powder in B. Acid O.P. 

(a) Slight ebullition and fumes, 
with choking smell; blue p.c. 
with CuO, and heated with drop 



13. Substance is of a grey 
colour, with a glassy lustre. 

(a) In B it melts, giving ofif no 
H2O. 

(b) On C melts, affording fint 
a yellow sublimate of Pb, and 
outside a thick white one, which 
is pretty volatile. With KOO, 
it is quickly reduced, leaving a 
globule of lead. 

(c) In B with soda gives no 
smell, and nothing is deposited on 
the tube. 

(d) In the open tube gives off 
a white sublimate, which, treated 
before the blowpipe, aggregates 
into drops of a white or grey 
colour; opaque. 

(e) With CuO gives a strong 
CI reaction. 

(I therefore suppose the sub- 
stance te be PbCl.) 

14. The substance is an orange 
powder. 

(a) In B changes to a liver 
colour, and g^ves off H20. On 
no sublimate, and with soda or 

KOO, is not reduced to metal, but 
makes a sort of slag. 

(b) In OF in borax, is yellow 
when cold; in RF, yellow with 
green tinge. 

(c) In OF in P salt the bead 
is greenish-yellow; in RF emerald 
green. 

(d) The borax bead with zinc 
on C becomes green. 

(Substance is, thereforei, oxide 
of Uranittm.) 

16. A green wax-like sub- 
stance. 

(a) In B decrepitates, and g^?8B 
offnoHzO. 
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of water in glass bulb, attacks 
the glass {Chlorine and Fluorine). 

(b) A large transparent yellow 
ball (Lime and Lead-phosphate: 
no other substance with its high 
specific gravity — 6 to 7 — afford- 
ing a ball here) ; on addition of 
K carbonate, K pyrotungstate 
and potash H.P. a blue bead 
{Phosphoric Acid) . 

{e) Fragment on Al plate O.P. 
fuses to a ball with crystalline 
facets on cooling {Lead-phosphate) ; 
with C slip and soda, a copious 
yellow, brown, and white subt. ; 
first and last colours turning 
permanently brown in P.P. {large 
proportion of Lead) ; a compara- 
tively large g^ey metallic squeez- 
able ball {large proportion of Lead). 
1, 24, 72, &c. 
Fyromorphite, or Folysphcerite, 

Analysis of Folysphaerite by 
Ker8ten.^V\iz^20ii 77*02, Pb Q 
10-84, CaF 109, Ca3P206 11-06 
= 100. 

16. Powder in B. Acid O.P. 

(a) Nearly all yellow opaque 
fragments : blue after H.P., which 
afford an amethystine colour on 
large addition of P. Acid, H.P. 
{nearly the wholes Titanium Oxide) : 
a very few brown-black opaque 
balls {a very little Iron). 

85, 86, granite, &c. 
Rutile, 

Analysis by H. Hose. — Ti02 
98-47, Fe203 1*53 = 100. 



17. Paste on Al plate O.P. 

(a) No sublimate : (no arsenic, 
&c.) 

(b) With C slip, O.P. copious 
yellow, brown, and white subts., 
first and last becoming brown in 
P.P. {large proportion of Lead) : 

{c) dark blue p.c. n-om assay 
(Lead), 



{b) In forceps melts easily, 
colouring the outer flame blue. 

{c) On C melts to a white crys- 
talline bead, and with KOO gives 
a bead of lead. 

{d) Mixed with CuO in OF on 
C, gives a strong reaction for 
chlorine. 

(Substance is Fyromorphite.) 

N.B. — All the PaOs apparently 
missed here, unless the expression 
** crystalline bead" refers to it. 
A lead mineral *' melting easily " 
in platinum forceps indicates ruin 
to the latter ! 



16. A reddish mineral, with 
metallic glance. 

{a) In B does not give off H2O. 
and does not decrepitete. In for- 
ceps infusible. 

{b) On C, gives no sublimate ; 
with soda, melts to a reddish 
bead. 

{c) In borax, in OF, gives the 
Fe reaction ; and in RF the colour 
goes away, or nearly so. 

{d) In P salt in OF gives a 
colourless bead; in RF, a beau- 
tiful violet colour. 

(The mineral is Eutile.) 

17. A yellow earthy-looking 
substance. (High specific gra- 
vity.) 

(a) In B changes colour a little ; 
on C got a sublimate of Pb ; the 
assay melted, and there was trace 
of a lighter sublimate in the dis* 
tance. 

{b) To see what was with the 
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(d) Powder of the crushed resi- 
due — after yolatilisation of lead — 
in B. Acid O.P. : green frag- 
ments, unchanged by H.P., and 
dissolving to a green head (pink 
hot) on addition of soda O.P. 
(Chr&niium.) 

85, 86, granite, &c. 
Crocoisite. 

Analysis by Pfaff.—CrOz 31-75, 
PbO 67-91 = 99-64. 

18. Powder in B. Acid O.P. 

(a) Large black fragments, with 
yellowish matter round them (pro- 
hably Tungsten or Molybdenum) : 
on addition of lime-powder, O.P., 
balls, coloured dark brown after. 
H.P. {Molybdenum). 

(J) Paste on C slip, Al plate, 
O.P., a copious pale straw-yellow 
Bubt., turning dark blue when 
touched for a second by H.P. 
(large proportion of Molybdenum) . 

(c) Subt. of (b)f scraped off, in 
P. Acid, O.P., with small quan- 
tity a blue bead; with more, 
bluish green (Molybdenum), 
8, 24, 72, &c. 
Molybdite. 

Chem. Comp. Mo 65*71, O 34-29 
= 100. 

N.B. — Ought to be no lead here. 



19. Powder in B. Acid O.P. 

(a) About nine-tenths white 
fragments, unaltered by H.P. ; 
unaltered by calcium borate (not 
AJ, and probably, on account of 
its great specific gravity — 6 to 7 
— Tin) : one or two small brown 
fragments (trace of Tantalum) : 
one or two brown opaque balls, 
with rusty matter (trace of Iron) ; 
one or two brown transparent 
balls, colourless after H.P. (trace 
of Manganese) . 

(b) Fragment on Al plate O.P., 
metallic sweat without subt. 



lead, added a little borax glass to 
the slag left on the C, and^treated 
to OF, when a green bead was 
produced. This could only be 
Cr203 or VO3. To prove which 
it was, treated some of the original 
ore to OF in P salt, when it was 
coloured green. 

(SubstMiceis Crocoisite.), 



18. A yellow earthy substance. 

(a) In B decrepitates forcibly ; 
gives off H2O. On C got no sub- 
limate but that of Pb with a few 
metallic beads of lead. 

(b) Then tried it with borax 
glass, when I got a dirty colour, so 
tried it in a bead of borax, and 
reduced it on C, when a black bead 
was produced with some white in 
it from the lead oxide, which 
spoke of the presence of MO3. 

(c) To prove this, dissolved some 
of the powder in P salt, and ^t 
in the OF a green colour, which 
with the other reaction proved 
the presence of MO3. 

(d) Then dissolved some of the 
mineral in KHSO4 diluted with 
H2O, and then added a piece of 
zinc, when I got a blue colour 
from the formation of a lower 
oxide of the MO3. 

(The substance is Molybdan- 
ochre.) 

19. A brown mineral with me- 
tallic, or rather resinous, glance. 

(a) In B decrepitates feebly; 
gives off no H2O. 

(b) On C gives a white subli- 
mate which is not volatile, and 
which, with Co solution, gives a 
bluish-green colour. In the for- 
ceps it does not melt ; but a white 
efflorescence comes out upon it. 

(c) In OF with soda melts to a 

slag : but in RF with KOO got a 
bead of white metal which was 
malleable. 

(The substance is Castiterite,) 
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{Tirij : white efflorescence on as- 
say in cooling {Tin) : with C slip, 
soda, and K CTanido : a whitish, 
metallic, squeezable ball {large 
proportion of TirC). 

8, 34, 72, 238, &c. 
CiiMiterite. 
Anafysis by Berzeliua. — SnOa 
93-6 ; TaOs 24, FeaOs 1-4, MnOs 
0-8 = 98-2. 



N.B. — Here traces of Tanta- 
lum, Iron, and Manganese were 
probably missed. 



20. Powder in B. Acid, O.P. 

(a) About nine-tenths, small, 
transparent, colourless, sago-like 
balls, surrounded by semi-trans- 
parent yiscid matter {about nine- 
tmths Zinc) : a few brown trans- 
parent balls, colourless after H.P. 
{a little Manganese) : one or two 
brown-black opaque balls with 
Tost-like matter {trace of Iron), 
116, 108, 112, &c. 
Zineite. 

Analysis by Hayes. — ZnO 93*48, 
MnO 6-60, FezOa 0-80 = 99-78. 



20. A reddish mineral, with re- 
sinous glance. 

{a) In B does not decrepitate. 
On C gives a sublimate wMch is 
green on moistening with Co so- 
lution. 

{b) In forceps infusible. With 
P salt and borax gave a man- 
ganese reaction. 

(The substance is Red Oxide of 
Zinc.) 



21. Paste on Al plate, momen- 
tary O.P. 

^) Smell of SO2 {Sulphur) : 
O.P. without fusing : a consider- 
able snow-white efflorescence over 
assay on cooling {considerable pro- 
portion of Tin) : a slight white 
sublimate, yellow hot ; affording 
sago-like biEills in B. Acid, O.P. 
{a little Zinc) : 

{b) With K carbonate, in can- 
dle P.P., after volatilisation of 
all the sulphur, a pink-tinged 
opaque bead {considerable Iron) : 
with strong H.P. — still on bare 
plate — copper-red oxide, and a 
bronze metallic ball {considerable 
proportion of Copper). Confirmed 
by luminous blue-green p.c. in 
B. add. 

8, 24, 72, 238, &c. 
Stannite. 

Analysis by RammeUberg. — S 
2906, Sn 26-66, Cu 29-38, Fe 
6-24, Zn 9-68 = 100. 



21. A dull grey semi-metaUic- 
looking mineral. (High Sp. Gr.) 

(a) In B gives off S, which 
settles on the tube. In open tube, 
S bums over the assay ; also a 
white sublimate, which settles on 
the tube, 

{b) On C, I got a thick white 
sublimate which settled close 
round the assay, and on being 
wetted with Co solution gave a 
blue-green colour ; so there is evi- 
dently Sn present. There was no 
sublimate farther off from the 
assay. 

{e) In borax the white oxide 
was slowly dissolved to a colour- 
less bead, which was unchanged 
in the RF on C. In P salt melted 
slowly to a clear bead, so I only 
found S and Sn. 

(The mineral is Stannite.) 

ii.B. — Lare^e proportion of 
Copper missed here ! 
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22. Paste on Al plate, momen- 
tary O.P. 

U) SmeU of SO2 (Sulphur) 
O.P., a yellowish-rod subt. which 
whitens in P.P., but affords a 
black spot to O.P. (Antimony 
Sulphide) : a copious white subt., 
instantly blackened by O.P. (large 
proportion of Antimony) : with C 
slip, O.P., copious yellow, browii, 
and white subts., first and last 
turning brown in P.P. (large pro- 
portion of Lead) ; on addition of 
soda, H.P., a red, metallic, squeez- 
able ball (considerable proportion of 
Copper). 

8, 24, 72, 238, &c. 
£ournonite. 

Analysis by H. Jiose.S 20*31, 
Sb 26-28, Pb 40-84, Cu 12-66 = 
100-08. 



22. A grey mineral, with me- 
tallic glance. 

(a) In the B got nothing par- 
ticular. In open tube a strong 
smell of S02, with a sublimate ci 
Sb, and some grey drops. 

(h) On C got first a sublimate 
of Sb, then one of Pb, and finally 
a bead of Cu was left. Did not 
perceive a smell of As, nor had 
any colour in the tube to indicate 
its presence. Thus S, Sb, Pb, 
and Cu are present. 

(The mineral is Botimotiite.) 



23. Fragment on Al plate, mo- 
mentary O.P. 

(a) Smell of SO2 (Sulphur); 
O.P., a copious white subt., vola- 
tilising in H.P. with garlic smell 
(large proportiofi of Arsenic) ; with 
C sU^, no further subt. (no other 
volatile metal). 

(b) After roasting on bare plate, 
till S and As have been vola- 
tilised, the residue crushed, and 
powder in B. Acid O.P., the 
whole, brown-black opaque balls, 
with rust-like matter (the whole 
residue Iron). 

8, 24, 72, 238, &c. 
Mispiekel. 
Analysis by Stromeyer. — As 
42-88, S 21-08, Fe 36-04 = 100. 

24. Probably common 

46, 106, 72, &c. 
Pyrite ; 
analysis same as above, minus the 
arsenic. 



23. A greyish- white mineral, 
with metallic glance. 

(a) In B gives off a red subli- 
mate with smell of As (AsS), tiien 
a mirror of As. In open tube 
gives off S02 and forms a sub- 
limate of As and S. 

(^) On C melts to a bead, giv- 
ing off As and S. The bead is 
magnetic and has a rough sur- 
face. 

(c) The resisted mineral in P 
salt and borax gives the Fe reac- 
tion, and nothing else. 

(Must be Mispiekel.) 



24. A mineral from Pampelli, 
Corsica. 

(a) In B gives off S. On C 
melts to a magnetic ball, giving 
off fumes of S02. In forceps, is 
with difficulty melted on the 
ed^es. 

(b) Is slightly magnetic before 
roasting. 
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26. Powder in B. Acid O.P. 

(a) Larg^ number of brown 
transparent balls, colourless in 
H.P. {large proportion of Man- 
ganese) : considerable number of 
opaque black balls, violet after 
H.P. {considerable proportion of 
Cobalt) : some brown-black opaque 
balls, with rust-like matter {a little 
Iron) : luminous blue-green p.c. 
with a few blue-black opaque 
balls ; coppery suffusion after 
H.P. {a little Copper), N.B.— 
The above must be boiled out of 
the first bead in consequence of 
the large quantitv of opaque g^ey 
matter formed {chemical water) , 
and applied to a second bead, 
O.P. 

61, 72, 24, &c. 
Wad. 

Analysis by Rammelsherg. — MnO 
40-06, 09-47, Fe203 466, CoO 
19-46, CuO 4-36, H2O 21-24, K2O 
0-37 = 99-94. 

26. Fragment on Al plate, mo- 
mentary O.P. 

{a) No smell of SOa (no sul- 
phur) : minute metallic sweat 
{trace* of Bismuth) : O.P., faint 
white subt. volatilising in H.P. 
with garlic smell {trace of Arsenic) : 
with C slip O.P., a little yellow 
and white subt. turning brown in 
P.P. {alittle Lead), 

{b) The residue, after roasting, 
crushed to fine x>owder, in B. 
Acid O.P., nearly four-fifths (of 
original powder) minute black 
fragments ; affording on addition 
of soda O.P. a yellow bead, green 
after H.P., and thick absorption 



(<;) In borax andP salt got only 
the Fo reaction. 

U[) The mineral does not appear 
to oe a magnetic pyrites, for that 
gives off H2S witii HCl, and this 
does not, but it may be a combi- 
nation of a magnetic oxide with 
some sulphide. 

26. A black rotten-looking pow- 
der. 

(a) In B decrepitates, and 
yielos H20. In forceps does not 
melt. 

(b) In borax, OF, got a red- 
violet colour which was not pure, 
so supposed Mn was there. In 
the RF, the Mn colour left, and a 
beautiful blue remained alone. 

{c) Tried them with soda and 
saltpetre on Pt. foil, and got Mn 
reaction. Then with soda on C 
got a slight trace of S. 

(The substance, therefore, is Erd 
Cobalt,) 

N.B. — Only a very practised 
** hand '* would detect Mn in pre- 
sence of Co in borax. Cu and Fe 
appear to have been missed here. 



26. A black mineral, with sub- 
metallic glance. 

(a) Very difficultly melted in 
forceps. In B gives a sublimate 
of S. On C does not change or 
give a sublimate. 

{h) In borax, OF, is dissolved 
with difficulty, cuid gives an Fe 
reaction. In KF also an Fe re- 
action. In P salt, got in OF a 
yellowish-green coloured bead, 
which changes in HF to a beauti- 
ful emerald green. This tells us 
it is Uranium, and there is only 
one mineral of this nature — Uran" 
pecherz, 

N.B. — ^It seems rather a strain- 
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bands at D, £b, and F— see Fig. 
97 — {nearlff four-Jl/ths Uranium) : 
Yery few brown-black opaque 
balls with rost-like matter (a very 
little Iron) ; very few transparent 
balls, opaque not, pale green 
cold (a very little Zime, with trace 
of Moffnetia, containing Iron prot- 
oxide). 

(c) Powder in pink P. Acid 
P.P. all dissolved but a few spi- 
culsB (a little Silica) : bead a mix- 
ture of green and pink (no Alkali 
or Alumina), 

8, 24, 72, &c. 
Uraninite* 

Analyeis hy RammeUherg. — ^UO, 
UaOs 7916, FeO 3-90, CaO 2-81, 
1^ 0-46, Si02 6-30, Pb6-20, 
As 1-12, Bi 0-66, H2O 0-36 = 
99*61. 

27. Fragment on Al plate, mo- 
menta^ O.P. 

(s) Smell of SO2 (Sulphur\ : 
O.P., no subt. (no arsenic, &c.) : 
with G slip O.jP., no subt. (no 
volatile metaD : 

(^) fioasted powder in B. Acid 
O.P., the whole residue — about 
three-fifths of original powder — 
brown transparent balls, colour- 
less after HjP. (aJmtt three-Jifthe 
Manganese ; therefore^ nearly ttco- 
Jlfthej Sulphur). 

(Quartz veins) 
Alabandite. 

Analysis by Arfvedson. — S 37'9, 
Mn 621 = 100. 

28. Powder in B. Acid O.P. 
(a) Slight fumes with smell of 

SO2 {Su^hur) : no garlic smell 
(no arsenic) : after gentle roasting 
to eliminate the S, about three- 
fifths original powder, small, 
transparent, colourless, sago-like 
balls, surrounded by semi-trans- 
parent viscid matter {about three- 
fifths Zinc) : one or two larger 
transparent balls, emitting wo<^ 
matter turning reddish after H.P. 



ixktt. of the term to call this a 
'< Blowpipe Analysis." Many 
minerals would have afforded re- 
actions for Iron and Uranium; 
the only two procured here. 



27. A black vitreous mineral, 
(ffigh Sp. Gr.) 

(a) In B a very small subli- 
mate of S. In open tube got a 
lot of SO2. 

{b) On C gave no reaction 
alone, but after roasting, the re- 
mainder dissolved in borax gave 
a red-violet bead. This colour 
vanished in the HF, so there was 
nothiog there but Mn. There 
are two Mn minerals combined 
with S, MnS, and MnS2> but the 
latter gives off more S, and has a 
red streak on porcelain, whereas 
this has a green one. 

(The mineral is ManganbUnde.) 

28. A mineral, with resinous 
glance. 

(a) In B decrepitates, and gives 
off some As as suboxide. In open 
tube gives fumes of AsOs and 
SO2, which redden litmus paper. 

(A) On C, OF, gives a white 
sublimate which is yellow while 
hot, and with Go solution turns 
green. 

(e) In borax gives an Fe re- 
action; in P salt ditto. So we 
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{a very little Cadmium) : very few 

brown-black opaque balls with 

rust-like matter (a very little Iron) . 

66, 136, &c. 

Sphalerite, 

Analysis by L'6u>e, — S 33*15, Zn 

61'40, Fe 2-29, Cki 1*50 = 98-34. 

20. Fragment on Al plate, mo- 
mentary O.P. 

(a) Smell of SO2 {Sulphur) ; 
O.P. a yellowish red subt., which 
whitens in P.P., but affords a 
black spot to O.P. {Antimony Sul- 
phide) : a copious white subt. in- 
stantly blackened by O.P. {large 
proportion of Antimony) : 

{b) Besidue after elimination of 
the Sb, powdered, in B. Acid O.P. , 
about one-eighth original powder 
brown-black, opaque balls, with 
rust-like matter {about one-eighth 
Iron), 

204, 216, 220, &c. 
Berthierite. 

Analysis by Fettko.—S 29-27, 
Sb 57-88, Fe 12-86 = 100. 

80. Fragment on Al plate mo- 
mentary O.P. 

(a) Smell of SO3 (Sulphur): 
O.P. a faint, fixed, white subt., 
which, scraped off, affords in B. 
Acid O.P. sago-like minute trans- 
parent balls, in semi-transpa- 
rent yiscid matter {a very little 
Zinc) : with C dip, O.P., a co- 
pious white subt., instantly 
blackening in O.P. {a considerable 
proportion of Antimony) : a few 
streaks of rose-coloured sublimate 
below the white {trace of Silver) : 
with K carbonate on the bare 
plate, candle P.P., a pink-tinged 
mass {a little Iron) : the mass on 
C slip H.P., a comparatively 
large, red, metallic, squeezable 
ball {large proportion of Copper), 
24, 72, 238, granite, &c. 
Tstrahedrite, 

Analysis by Bruno Kerl, — S 
26-82, Sb 28-78, Cu 37-95, Fe 
2-24, Zn 2-62, Ag 0-67 = 97*98. 



found Fe, Zn, S, and As. {Zine 
Blende.) 



20. A bluish-black mineral; 
metallic lustre. 

{a) In B got a cherry red sub- 
limate of sulphide of Sb. In open 
tube SO2 and SbO. 

{b) On C, SbO goes off, and an 
unmelted mass was left behind 
with a slight smeU of HtS. This 
mass pounded and tried in borax, 
gave an Fe reaction. 

(The mineral is, therefore, Ber' 
thierite.) 



30. A steel g^ey mineral, with 
metallic lustre. 

{a) In B got sublimates of SbS 
and AsS ; in the open tube, of 
SbO, SO2, and AsOs. 

{b) On C got a sublimate of Sb, 
some distance from the assay, and 
nearer, a sublimate of Zn, moved 
by Co solution. The As goes off 
first, then the Sb, then the Zn. 

{c) The bead that remained 
after the Zn had gone off was 
ground up and roasted, as S is 
still left in it; the roasting, of 
course, on charcoal. 

{d) I then treated in borax, and 
found the bead coloured green- 
blue. Knocked off the bead, and 
reduced on C (without Sn, must 
blow at least ten minutes). The 
Cu is then reduced as metal, and 
falls to the bottom; if nothing 
more is there, the bead will then 
be colourless. 

(The mineral is Fahlerz), 
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81. Fragment on Al plate, mo- 
mentary O.P. 

(a) Smell of SO2 {Sulphur): co- 

fiona white subt., volatilising in 
[.P. with garlic smell {larffe pro- 
portion of Arsenic) ; with. C slip 
no further subt. (no other volatile 
metal). 

(b) After volatilisation of S and 
As, crushed residue in B. Acid 
O.P., about one«fourth orig^al 
powder, black opaque balls, violet 
after H.P. {about one-fourth Co- 
balt) : a few brown-black opaque 
balls, with rust-like matter (a 
little Iron). 

8, 238, 24, 72. 
Cobaltite. 
Anahfiiaby Stromeyer. — S 20*08, 
As 43-46, Co 23-10, Fe 323 = 
99-87. 

82. Spaniolite or Mereuriferous 
TetrahedriU. (See No. Z(i,plu8 Hg 
1 to 17 per cent.) 

N.B. — The appearance of the 
mineral must have helped him to 
form the rather sudden conclusion 
arrived at. 



33. Paste on Al plate momen- 
tary O.P. 

(a) SmeU of SO2 {Sulphur) : O.P. 
a white subt., yellowidi over black 
in the centre ; the black whiten- 
ing, the white instantly blacken- 
ing in O.P. {considerable proportion 
of Antimony) ; with C slip O.P., 
magnificently coloured, crimson 
splashes in the above white subt., 
unchanged by P.P. {large propor- 
tion of Siher) : with K carbonate 
and candle P.P., after the S has 
been eliminated by P.P. on the 



81. A grey mineral, metallic 
glance. 

(a) In B gave off S, no As. 
In open tube SOa and AjsOs. 

(b) On G fuses to a bead, dark 
grey, giving off fumes of SO2 and 

AsOs. 

{c) In borax gives Co reaction ; 
tried it on C with borax glass for 
some time, but could not reduce 
the Co to get a Ni reaction ; so 
think the mineral is 

(CoAs, CoS2r or CobaXtineJ) 

N.B.— Curious that 43 c/c 
of As should have been missed 
here, in G.B. 



82. A black mineral, with me- 
tallic glance. 

(a) In B decrepitates, and gives 
a black sublimate, which may be 
suboxide of As or HgS. In open 
tube got a sublimate of Sb, and a 
ring of Hg ; got also SO2 and a 
strong smell of As. The metallic 
ring shows that the black oxide 
in the shut tube was formed by 
Hg, for no other substance would 
give a ring of metal in the open 
tube. 

(Proceeded no further, but the 
mineral is evidently Spaniolite). 

83. An iron black mineral, with 
metallic lustre. 

{a) In B nothing particular. 
In open tube, smell of SO2, and 
a large deposit of SbOa. 

{b) On C a trace of AsOs, and a 
sublimate of SbOa, which was 
coloured red — brownish near the 
assay — and a large " kom " of Ag 
remained behind. Thus we had 
S, As, Sb, and Ag; so that the 
mineral can either be dark Fyr- 
argyrite^ or Melanglanz, To &id 
the difference, try the streak on 



ANALYSES OF MINERALS. 



171 



bare plato, a pink-tiBged bead 
{trace of Iron) : with pure blue 
H.P, covering the assay, a pro- 
portionately large, pure white, 
metallic ball {very large proportioti 
of Silver). 

84, 72, 8, 238, &c. 
Stephanite, 
Analysis hy Bruno Kerl. — S 
16-51, Sb 16-79, Ag 68-38, FeO 
0-14 = 100-12. 



porcelain ; the former gives a red 
streak, the latter a black one. 

(Melanglanz,) 

ir.B. — The idea of referring 
from the analysis to the streak of 
a mineral is worthy of ♦ ♦ ♦, but 
not of Mr. H. 



84. Paste on Al plate (on ac- 
count of metallic lustre, specific 
gravity, &c.), momentary O.P. 

(a) SmeU of SO2 {Sulphur) : 
metallic sweat {Bismuth) : O.P., 
white subt. volatilising in H.P. 
with garlic smell {Arsenic) : white 
subt. instantly blackening in 
O.P. {Antimony) : with C slip, 
O.P., yellow and white subt., only 
darkening temporarily in P.P., 
and scraped off, giving brown 
streaks to B. Acid O.P. {Bismuth). 

^) Residue after roasting in 
P.P., powdered, in B. Acid O.P. 
black opaque balls, violet after 
H.P. {Cobalt): luminous blue- 
green p.c, and blue black opaque 
balls with coppery suffusion after 
H.P. {Copper) : green fragments, 
with white metallic lustre after 
H.P. {Nickel) 



84. A dark grey metallic pow- 
der. (HighSp.Gr.) 

(a) In B nothing notable. In 
open tube, got SO3, As, and trace 
Sb. 

{b) On a strong smell with 
fumes of As, and a sublimate of 
Bi and Sb. 

{c) On G with borax glass, g^t 
first a strong colour of Co, then, 
after long blowing, a reaction for 
Ni. 

{(fj^ With P salt a weak reaction 
So in this mixture there 



d) \ 
Cu. 



for 
is 

(S, As, Sb, Bi, Co, Ni, and Cu.) 
N.B. — Query. How much loss 
of time and patience does ** long 
blowing" indicate? 



86. Filings in B. Acid O.P. 

{a) Instantaneous, luminous, 
blue-green p.c, with blue-black 
opaque balls, having a coppery 
suffusion after H.P. {Copper) : 
small, transparent, sago-Uke balls, 
in semi-transparent viscid matter 
{Zinc) : brown-black opaque balls, 
with rust-like matter {Iron) : 
green fragments with white me- 
tallic lustre after H.P. {Nickel). 

N.B. — Instead of "a trace," 
there is 40 per cent, of Nickel in 
Argentine. 



36. An alloy. 

{a) On C got a very strong 
deposit of ZnO, and the metal 
melted with difficulty to a bead 
which was rough on the surface. 

{b) In borax glass, got an Fe 
reaction, or only a trace of what 
might be NiQ. 

{c) In P salt had a strong re- 
action for Cu, so I found only Cu, 
Fe, and Zn ; but the bead of P 
salt was in OF coloured green, 
from the yellow of NiO combined 
with the blue of CuO, so judge 
the alloy to be 

{Argentine, or German Silver.) 
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86. Fragment on Al plate O.P. 

(a) A considerable white subt. 
which, scraped off, affords small, 
sago-likc, transparent balls in B. 
Add O.P. {cormderable proportion 
of Zinc): 

(b) Powdered residue after 
roasting, in B. Acid O.P., about 
two-thirds brown-black opaque 
balls with rust-like matter (about 
two-thirds original powder. Iron) : 
about one-sixth brown transparent 
balls, colourless after H.P. {ctbout 
one'Sizth Manganese) : 

8, 24, 72, 238, &c. 
Franklinite. 
Analysis by Berthier, — Fe203 
660, Mn203 16-0, ZnO 17*0 = 
99-0. 

87. Powder in B. Acid O.P. 
(a) Fumes, with choking smell, 

giving sky-blue p.c. on addition 
of CuO O.P. {large proportion of 
Chlorine) : the black, opaque, 
copper oxide balls are partly dis- 
solved, showing presence of much 
alkali, which, as the normal green 
p.c. is unchanged, must be {Potas- 
aium). Confirmed by violet p c. 
of powder in O.P. 

88. (See Analysis No. 22.) 



30. (See Analysis No. 21.^ 
N.B. — ^Mr. H. is more lortu- 
nate in detecting the Copper this 
time, in No. 39, than he was in 
No. 31. 



86. A black mineral, with me- 
tallic glance. 

(a) Infusible. Is magnetic 
after roasting in BF. Dissolves 
with difficulty in HCI with smell 
of CI. 

(b) In borax gives Mn and Fe 
reactions. In P salt the same. 

{c) On Pt. foil with saltpetre 
and soda, gives a strong Mn re- 
action. 

(d) With soda on C in EF, 
gives a faint reaction for Zn, so 
the mineral must be 

{FrankliniteJ) 



87. A white crystalline salt. 

(a) In B gives off HaO, decre- 
pitiates and melts ; with EHSO4 
gives a strong smell of CI. On Pt. 
wire colours the flame violet (KO). 

{b) A crystal moistened with 
HSO4 gives the orange-yellow 
tinge and peculiar smell of chlo- 
rates. 

(The substance is, therefore, 
KCIO3.) 

38. A black-grey mineral, with 
metallic glance. 

(a) Gives a strong antimonial 
smoke, which smells a little of 

AlS. 

(b) Dissolved inHNOs and then 
found S separate, and on diluting 
the solution with H20, got a pre- 
cipitate of SbO. On separating 
tlus, with HSO4 got a precipitate 
of PbS04) and finally with am- 
monia, the blue of Cu. 

(The mineral is, therefore, Bour- 
nonite.) 

39. A dark grey mineral, with 
semi-metaUic glance. 

(a) In B with good heat, got a 
sublimate of S and nothing else, 
In open tube a smell of SO2. 

(b) On C melted to a bead 
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pretty easily, giying a white sab- 
limate of Sn02. 

(c) Roasted and tried in borax, 
gives a reaction for Fe. 

(rf) In P salt, EF, with tin, got 



L26. 



40. Fragment on Al plate, mo- 
mentary O.P. 

(a) SmeU of SO2 {Sulphur) : 
O.P., a copious white subt. yola- 
tilising in H.P. with garlic smell 
{large proportion of Arsenic) ; when 
the greater part of the As has 
been eliminated by O.P., and 
P.P. applied, an apple-green, 
capillary oxide over the whole 
assay {large proportion of Nickel) : 
a slight white subt., which turns 
instuitly black in O.P. {a little 
Antimony), 

W) Powdered residue in B. Acid 
O.P., almost all green fragments 
with metallic lustre after H.P. 
(almost all the residue Nickel) : one 
or two black opaque balls, violet 
after H.P. {trace of Cobalt), 
8, 24, 72, 238, &c. 
Niccolite. 

Analysisby Berthier, — ^As 48*80, 
Ni 39-94, Co 0-16, Sb 8-00,8 2*00 
= 98-90. 

To detect Phosphoric Add* 

41. Apple-green crystal from Spain. 

(a) Powder unattacked in B. Acid O.P. As mineral is soft;, try for 
SO3 or P.Os. 

(b) Powder fdsed with Soda on Al plate, boiled, dried, and treated 
in B. Acid O.P., no effervescence (no SOs). White opaque balls unclari- 
fied by strong O.P. (not Magnesia; and therefore Calcium Phosphate), 

{e) Balls of {b) just dissolved by adding specks of K Carbonate O.P., 
and K Pyrotungstate largely added in H.P. , a turquoise blue, opaque 
bead on cooling (large proportion of Phosphoric Add), Mineral is 
Apatite, and as it generally contains CI and F — 

{d) Powder with CuO in P. Acid O.P., an azure-blue p.c. {Chlo- 
rine) ; and the bead unrolled from the wire and heated in G.B. with 
a drop of HsO, the neck of the glass is dulled {Fluorine). 

Analysis of Apatite,— 0^,0 50, P805 42-26, Ca 397, F 3*77 = 101-00. 



CU2( 

{e) With soda and borax, got a 
bead of imperfectly malleable 
copper. 

(The mineral is Stannite.) 

40. A pale reddish mineral, 
with metallic glance. 

(a) In B gives off As and forms 
a mirror. In the open tube AsOs 
in large quantities. On C melts 
to a grey bead and gives off lots 
of AsOs. 

{b) In borax, a reaction for Co. 
Could not see any for Fe, but 
after a few times treating got the 
Ni reaction. 

{c) Tried for Cu with P salt, 
but got no reaction. Thus As, 
Co, and Ni, were found ; lots of 
As, a trace of Co, and much Ni. 

(The mineral is, therefore, Nic- 
colite.) 

N.B. — Here we have 0*16 of 
Cobalt obscuring for a consider- 
able time the reactions of 40 c/c 
of nickel in borax. 
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To detect Boric Acid,* 

42. A brownish black mineral (fragment). 

{a) Powder in P Acid, coloured violet with Titanic Acid by H.P., 
on cnarcoal to prevent loss of volatile constitaents, dissolved nearly to 
saturation, but leaving a clear bead. 

(b) Made a bead of Sodium Pjrrotitanate by fusing Titanic Acid 
with Soda on Al plate O.P. until all effervescence ceased. 

{c) Fused (a) and (b) beads together, on C slip, Al plate, and added 
some drops HtO ; the mass crystallised a pale but very distinct blue 
colour (3 to 8 c/c Boric Actd). The mineral wais Tourmaline: 
the blue reaction (Titanium borate) depends on the well-known facta 
that TiOa '' affords in borax B.F. an enamel blue by flaming/' and " in 
P. salt a fine violet colour." (Plattner). 



Table XV.— Of some decrepitatingt Minerals. 



1. Anglesite. 

2. Aragonite. 

3. fiarite. 

4. Boulangerite. 

5. Boumonite. 

6. CSalamine. 

7. Caleite. 

8. Celestite. 

9. Chalcophyllite. 

10. Cheneviscite. 

11. GhrysocoUa. 

12. Glausthalite. 

13. Gonicalcite. 

14. Diallogite. 
16. Diaspore. 

16. Erynite. 

17. Eulytite. 

18. Evansite. 

19. Fluor spar. 



20. Galena. 

21. Mendipite. 

22. Miargyrite. 

23. Plunu>og^ummite. 

24. Polycrase. 

25. Pseudo-malachite. 

26. Samarskite. 

27. Spaniolite. 

28. Sphalerite. 

29. Stephanite. 

30. Stolgite. 

31. TriphyUite. 

32. Tu^te. 

33. Turquoise. 

34. TyroUte. 
36. Yanadinite. 

36. Wulfenite. 

37. Zorgite. 



The above Minerals are to be powdered between agates and made 
into paste with a drop of water, before being treated B.B. on Al plate 
or Pt wire. 

♦ See The Chemical News, xlvii., No. 1221, page 186, for the 
rationale of these reactions, 
t Latin crepitatusy participle of erepito, I crackle. 
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Table XVL-— Quantitative Arrangement of 
Silicates, with Types. 

(N.B. — Important Bases in larger ratio, on the left hand.) 

A. 

1. Alitminic silicates, (a) Andalusite; {b) Chiastolite; [e) Silli- 

manite ; {d) Oyanite ; {e) Disthene. 

2. Muborisodie silicates, (a) Oural Tourmalines. 

3. Alucdleic silicates, (a) Meionite; (b) Ekebergite; (e) Scapolite; 

(d) Couzeranite ; {e) Scolexerose; (/) Atheriastite ; Q) Zoi- 
site; (h) Saassnrite; (•) Anorthite. 

4. ^lucdlciferribdric silicates, (a) Axinite. 

5. Alucdlcisodic silicates, (a) Nepheline ; {b) Elseolite ; {e) Labra- 

dorite; {d) Lemanite; (e) Andesine. 

6. Aluferric silicates, (a) Staurotide. 

7. jiluferrimagnesic silicates, (a) Gigantolite ; {b) Iberite ; {c) Yah- 

lunite ; (d) Weissite. 

8. ^lufluSric silicate, (a) Topaz. 

9. jfluffludnic silicates, (a) Emerald ; (b) Euclase. 

10. Alulithic silicates, {a) Triphane ; {b) Petalite. 

11. jilumagnesic silicates, (a) Lindsayite; {b) Sapphirin. 

12. Alumdgnebdric silicates, (a) Oarinthian Tourmalines. 

13. ^lumdgneedlciferric silicates, (a) Glintonite. 

14. Alumdgneferric silicates, (a) Pyrope ; {b) Gordierite ; (e) Poly- 

chroite; (d) Aspasiolite ; («) Chlorophyllite; (/) Bonsdorffite; 
(jS/) Esmarkite; (h) Praseolite. 
16. Alumangdnic silicate, (a) Carphalite. 

16. Alupotdssic silicates, (a) Orthose ; (b) Ceylon moonstone ; adularia. 

17. Alupotdssiferric silicates, {a) Retinite ; (b) Pinite. 

18. ^lupotdssifluolithic silicates, (a) Lepidolite. 

19. jilupotdssisodic silicates, (a) Gneiss; (b) Lyenite. 

20. A^lupotdssisodiferric silicates, {a) Perlite. 

21. A.liM6dicdlcic silicates, (a) Cancrinite. 

22. AlusddicalcisiUphurie silicates, {a) Outremer. 

23. jilusodichldric silicates, (a) SodsUite. 

24. Alusddisidphitric silicates, (a) Noseane. 

25. Alusklphicdlcic silicates, {a) Haiiyne. 

26. Aliimisodic silicates, (a) Albite. 

C. 

1. Calcic silicates, (a) WoUastonite. 

2. Cdlcidluminie silicates, (a) Gehlenite : (b) Humboldtilite ; (c) 

GrosBularite. 
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3. CdleidlumAgneferrie silicatet. (a) Idocrase. 

4. Cdleiboric silieate*. (a) Danburite; (b) Datholite. 
6. Cdleiehrdmie silicates, {a) Ouvarovite. 

6. Cdleiferric silicatet, (a) Hedenbergite ; {b) Melanite. 

7. CdUiferrcUtminie silicates, {a) Epidote; (b) Ck>lophonite. 

8. Cdlcifflucijlu6ric silicates, (a) Melinophane. 

9. Cdkiglitdsddic silicates, (a) Leucophane. 

10. Cdlcimagnesic silicates, (a) Diopside; {b) Diallage. 

11. Cdlcimdffndluminic silicate, (a) ^delforsite. 

12. CdUimdgndlusodiferrimangdnie silicate, (a) Yiolane. 

13. Cdlcimdgneferrdlummic silicates, {a) Bronzite ; Panlite ; Augite ; 

Hyperathene. 

14. Cdleimangdnic silicates, {a) Jeffersonite. 

15. Cdlcisddic silicate, {a) Pecialite. 

16. Cdlcititdnic silicate, {a) Sphene. 

17. Cdlcizirconidbic silicate, {a) Wohlerite. 

18. Chrdluferricdlcic silicates, (a) Allanite ; {b) Orthite. 

19. Cerildnthdnic silicates, {a) Cerite; {b) Tritomite. 

20. Cerildnthdnicdlcititdnic silicate, (a) Mosandrite. 

F. 

1. FSrrie silicates, (a) Anthosiderite. 

2. Ferrdlttminic silicates, (a) Almandine. 

3. FerrdlusulphuHc silicates, (a) Fayalite. 

4. Ferricdleic silicates, {a) Babingtonite ; {b) Jlvaite. 

5. Ferricdlcidluminic silicate, (a) Hudsonite. 

6. FSrricdleimaffndluminic silicate, (a) Ouralite ; (b) Hornblende. 

7. FerricSrdlucdlcic silicates, (a) Cerine. 

8. Ferrimdgnesdluminic silicate, (a) Gedrite. 

9. Ferrisddic silicates, (a) Acbmite; (b) Arf^edsonite. 

10. FerrisSdicdlcic silicates, (a) (Egyrine. 

G. 

1. Olucinic silicate, (a) Phenacite. 

H. 

1. Hydric silicates, (a) Opal; ip) Hydropbane; (c) Tabasheer. 

la. Spdrdluminic silicates, (a) PVrophyllite ; (b) Pbolerite; {c) Hal- 
loysite; {d) Allophane; (e) Tuesite; (f) Sevres clay; (^) 
Mountain soap ; {h) Smectite; (t) Sinope ool; (J) Meerscha- 
Inmioite. 

2. Hydrdlubar^tic silicates, (a) Harmotome. 

^ 3. Sydrdlucdleic silicates, {a) Tbomsonite ; (b) Mesole ; (c) Gumon- 
dine; {d) Margarite. 
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4. Hydrdlucdkipotdtsie 8\lieates. {a) Phillipsite; (3) Chriitiamte ; (e) 

Chabasie. 

5. Hydrdluedleiaddie silicates, (a) Meaolite; (b) Faaja8it<>. 

6. Hydrdluferrimagnesic silicates, (a) Chloritoid ; (b) Masonite. 

7. Sydrdlumagnesie silicates, (a) Saponite. 

8. Sydrdlumoffnesicdleic silicates, (a) Hornblende. 

9. Hydrdlupotdssic silicates, (a) Agalmatolite. 

10. JS^drdlupotdssimagnUic silicates, {a) Giesceckite. 

11. HydrcUusodie silicates, (a) Natrolite; Mesotype; (3) Analdme. 

12. Hydrocdlcic silicates, {a) Okenite. 

13. S^droedlcialuminie silicates, (a) Prehnite. 

14. Spdroedlcipotdssic silicates, (a) Apophyllite. 
16. H^droedrbocerifhrie silicates, (a) Pyrorthite. 

16. H^drocdprie silicates, (a) Dioptase ; (b) ChryBOCole ; (e) Dillen- 

bnTgite. 

17. fffdrqfSrric silicates, (a) Hisingerite. 

18. SfdrqfSrraltmunic silicates, {a) Kbodalite ; {b) Nontronite ; Glau- 

conite; (d) Thnringite. 

19. Sfdroferrdlucdleifnagnesic silicates, (a) Palagonite. 

20. Hydroferrichr&mie silicates, (a) Wolchonskoite ; {b) Chromochre. 

21. H^drof err imagnaluminic silicates. Ripidolite. 

22. H^droferrimdgnemangdnic silicates, (a) Cronstedtite. 

23. M^dromaynesic silicates, (a) YiUarsite ; (b) Talc ; {e) Meersohanm ; 

(d) Picrosmine ; {e) Sei^entine ; (/) Kchiller spar. 

24. B^dromdgnesdluminic silicates, (a) Saponite; {b) Kammererite ; 

{c) Clinocblore. 

25. H^dromdgncsdluferrie silicates, (a) Pennine. 

26. SpdrotnaynSsiferrie silicates, (a) Baltimorite. 

27. Mydronickeldlumaynesic silicate, (a) Pimelite. 

28. H^drothdrie silicates, {a) Thorite. 

29. H^drozincie silicates, {a) Calamine. 

30. H^drozirednic sUieates, (a) Malacone. 

31. fffidrozircosddicdlcic silicates, {a) Cataplelte. 

L. 

1. Zdnthan^ttrdlucdlciferric silicates, (a) Orthite. 

M. 

1. Maanesic silicates, (a) Peridot; {b) Chrysolite; {c) Forsterite; 

(d) Tephioite; {e) Eustatite; (/) Chladnite; (^) Steatite. 

2. Mayndlttpotdssiferric silicates, (a) Mica. 

3. Magnhiedldc silicates, (a) Sahlite ; (b) Tremolite ; {c) Asbestufl ; 

(d) Actinote; {e) Hornblende; (/) Pargasite. 

4. MdgfUcdlcialuminie silicates, {a) Bucklandite. 
4a. MaytUsiedldfhrie silicates, (a) Hornblende. 

N 



178 THE BLOWPIPE IN CHEMISTRY, MINERALOGY, ETC. 

6. Magnkiferrie silicates, (a) Hypersthene; (b) Diacladte; {e) An- 
tiiophyllite. 

6. Magt^esifiu&rie silicates, (a) Chondrodite ; {h) Humite. 

7. Mdgnetitdniferric silicates, (a) Titaniferous peridot. 

8. Mangdluminic silicates, (a) Spessartine. 

9. Mangdnicdlcic silicates, {a) Rhodonite. 

10. Mangdniferric silicates, (a) Stratopeite. 

11. Mangdnigluciferric silicates, (a) Helvine. 

P. 

1. Fotassdluminic silicates, (a) Amphigene. 

S. 

1. Stannic silicate, (a) Gassiterite. 

2. Sodazircocdlciferric silicate, {a) Eudialyte. 

T. 

1. Titdnicdlcic silicates, (a) Keilhauite; {b) Tschefkinite. 

Y. 

1. Yttr of err icerelanthdnic silicates, (a) Gadolinite. 

2. Yttroferricerdluldncdlcimagnesic silicate, {a) Bodenite. 

Z. 

1. Zincic silicate, (a) Willemite. 

2. Zirconic silicates, {a) Zircon. 



Table XVII. of Typical Mineral Combinations, 



* 



1. Aluminium. — (a) With Oxygen: Sapphire^ Corundum, Ritby, 

(p^ ,, Water: Diaspore,Gibbsite, JPlumbogumtnite, 
(y) With Fluorine and Soda : Cryolite, Chiolite (no Soda), Topaz. 
(o) ,, Sulphuric Acid : Aluminite, Alunite, Lowigite, Kalonite^ 
Mendozite, Tschermigite, Pickering ite, Apjohnite, BoS' 
jemanite, Halotrichite, Copiapite, Voltaite. 
(i) „ Phosphoric Acid : Turquoise, Wavellite, Attacolite, 
Childrenite, Cirrolite, Feganite, Fischerite, Tavistockite, 
Augelite, Amblygonite, Lazulite, Calainite, Barrandite, 
Flumboresinite. 
Silicic Acid : Cyanite, Andalusite, Sillimanitef Staurolite, 

Orthoclase, Tourmaline, ^c. 
Silica and Water : Fholerite, MeerschaluminitCf Allopltane, 

Kaolin, Fyrophillite. 
Silica and Fluorine : Topaz, Fyonite, 
Lead: Flumbogummite, 

* By this term is here to be understood a combination either 
chemical or mechanical. 
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(k) With Iron : Emery. 

(X) „ Mellitic Add: Mellite, 

(/i) Alnminates : Spinel^ Hereynite, Gahnite. 

2. ANTiMOirr. — (a) Metallio : Native Antimony, 
(P) With Oxygen : Valentinite 

(y) ,, Nickel : Breithauptite, Ulknannite. With Lime and 

Iron: Cervantite, 
Arsenic: Aliemantite, UUmannite. 
Silver : Dyserasitef Prouetite, Ft/rargyrite, Stephanite^ 

Folybaeite, Miargyrite. 
Sulphur: Stibnite^ Berthierite, Zinkenite, Flagionite, 

Meneghinite, Steinmannite. 
Copper: Bourrwnite, Tetrahedrite, Sandbergerite, Chaleo- 

stibnite. 
Lead : Jameaoniiey Berthierite, Boulangerite, Hetero* 

morphite, Flagionite, Zinkenite. 

3. Arsenic. — (a) Metallic : Native Arsenic, often containing traces of 

Bismuth, &c. 
(j3) With Antimony : Allemontite, Ullmannite, 
(r) »» Oxygen: Arsenolite. With Copper: Domeykite, AlgO' 

donite, Whitneyite, 
{h) „ Sulphur: Realgar, Orpiment. 
(«) ,, Cobalt Nickel, &c. : Smaltite, Millerite, Jeypoorite^ 

Niecolite, 
(^ „ Manganese: Kaneite. 
{rj) „ Silver: Frottstite. 
(O) As Acid with Base : Erythrite, Annabergite. 

4. Babium. — (a) With Sulphuric Acid : Barite, Barytocelestite, Di'eelite, 

(/3) With Carbonic Acid : Witherite, Barytocaleite, Bromlite. 

(v) „ Silicic Acid : Sarmotome, Bretcsterite. 

(o) „ Manganese : Fsilomelane, Braunite, Mausmannite. 

5. Bismuth. — (a) Metallic: Native Bismuth. 
With Tellurium or Selenium : Tetradymite, Joseite, Wehrlite* 

„ Silver: Chilenite. 

„ Sulphur: Bismuthinite, Karelinite. 

,, Copper: Emplectite, Annivite. 

,f Lead : Chiviatite, Kobellite. 

, , Nickel : Griinanite, Rammelsbergite. 

(H) „ Oxygen : Bismuthochre, Karelinite. 

(t) ,, Carbonic Acid : Bismuthite. 

(k) ,, Phosphoric Acid : Hypochlorite. 

6. Boron. — (a) With Water : Sassoline. 
(fi) With Soda : Borax, 
(y) ,, Ammonia. : Zarderellite. 
lo) ,, Magnesia : Boracite. 
It) „ Lime : Borocalcite, Hydroboradte. 
(^) ,, Silica: Tourmaline, Axinite, Datholite. 

7. Cadmium. — (a) With Sulphur : Greenockite, Sphalerite. 
(fi) With Oxygen : Calamine. 
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8. CALCiUM.--(a) With Chlorine : TaehhydriU, 

iP) With Flaorine : Fluor Spar, Proaopite Tttrocerite, 

{y) „ Sulphuric Acid : Oyptum, Anhydrite^ Poly halite, 

(i) „ Nitric Acid: Nitrocalcite, 

(<) „ Phosphoric Acid: Apatite^ FraneoUte, I)/rotnorphite, 
Kunkur. 

f, Carbonic Acid : Caleite, Aragonite, Dolomite, 

,, Oxalic Add : Whewellite. 

ff Boric Acid: Hayeaine. 

,f Arsenic Acid: Pharmacolite, Kiihnite. 

t, Tungstic Acid : Scheelite, 

„ Antimonious Acid : Momeite. 

,j Columbic Acid : Pyroehlore. 

tt Titanic Acid : Perowakite. 

„ Silicic Acid : Wollastonite, AugitCf Seapolite, Phrenhite. 

9. CiRiuM, Lanthanum, Didtmium. — (a) With Flaorine : Fhuh 

eerite, Tttrocerite. 

(fi) With Phosphoric Acid : Cryptolite, Monazite. \ 

J* ) „ Carbonic Acid : Parisite. Zanthanite, 
- - - 



) ,f Tantalic Acid : Feryuaonite. 

f) fy Titanic and Columbic Acid : Fuxenite, 

„ Silicio Acid : Ceritey Allanite^ Orthite. 

,f Silicic and Titanic Acid : Tachewkinite, Moaandrite. 
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10. Chbomtuh. — (a) Metallic : In Meteoric Iron sometimes. 
]) With Oxygen and Iron : Chromite. 
') „ Ahimina : Chrome Ochre, JFalchonakbite, 

,, Lime: Ouvarovite. 
(t) f, Potash and Soda : Fuchaite. 
\t\ ,, Magnesia : Spinel, 
[iS ,, Glucina: Chryaoheryl, 
(0) As Chromic Acid : Vauquelinite, Melanchroite, 

11. Cobalt. — (a) With Arsenic and Iron : Smaltite, Skutterudite, 

(/3) With Sulphur and Arsenic : Cobaltite, Jeypoorite, Linnaite, 

Carrolite. 
(v) ,, Nickel : Siegenite^ Griinanite, Zinnaite, Carrolite, 
(oS f, Selenium: Tilkerodite, 
(() ,j Manganese: Aaholane, 
(^ „ Sulphuric Acid : Bieherite. 
(ij) „ Arsenic Acid : Frythrine. 

12. Copper. — (a) Metallic : Native Copper. 
With Arsenic : Darwinite, Bomeykite, Condurrite, 

jy Selenium: Berzelianite, Fucairite, 
,, Sulphur and Iron : Chalcocite, Fomite, Chaleopyrite, 
BoulangeritCy Cubanite, Bamhardite, 
(e) „ Zinc, Silver, Mercury, Antimony, &c.: Tetrahedrite, 

CaatiUite. 
(Q „ * Bismuth : Wittiehite, 
111) „ ' Silver : JalpaiU, Polybaaite, Stromeyerite. ' 
(0) „ Cobalt: Carollite. \ 

(t) „ Antimony, &c. : Wolehite, 
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With Lead : Boumonite, Alitonite. 

,f Chlorine : Ataeatnite, Bercylite, 

,, Sulphuric Acid : Cyanonte. 

f, Phosphoric Acid : LtebetheniUf Thrombolite, Turquoise. 

J, Caibomc Add: Malachite, Cli4s»y lite. 

,f Arsenic Acid : Olivenite, Ckaleophyllite, 

f, Chromic Acid: Vauquelinite. 

,9 YanadicAcid: Volborthite, 

yy Silicic Acid: J)ioptasef Chrysocolla, Allophane. 

13. DiDTMixTM.— See 9. 
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14. EnBiUM.— (a) With Yttria : Orthite, Gadolinite. 

15. Fluobine. — (a) With Lime : Fluor Spar, Aragonite, 
1) With Soda : Cryolite, 

vy) ,, lithia : Amblygonite. 

[6\ „ Yttria and Ceria : Yttroeerite, Parieite, 

(t) ,, Magnesia: Waynerite, Chondrodite, Sumite, 

(Q ,, Alumina: Ibpaz. 



16. Gluctnum. — (a) With Silica : Beryl, 

(j3) With Lime and Magnesia : Fhenakite, 
Tin and Iron : Euelaee. 
Chromium (?) : Emerald. 
Yttria: Gadolinite. 
Manganese and Sulphur : Helvine. 
Soda and Potash : Leueophane, 
Alumina: Chryeoberyl. 
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17. Gold. — (a) Metallic: Native Gold, 
ifi) With Palladium : Forpezite. 

{y) „ Bhodium : Rhodium Gold, Mexico. 

(cS „ Tellurium: Sylvanite. 

h) „ Antimony : Gelberz. 

(Q ,y Lead, Copper, and Sulphur : Nagyagite. 

18. Iridium. — (a) With Osmium, Bhodium, &c. : Iridosmine. 

19. Ikon. — (a) Metallic : Meteorites, Native, with Graphite. 
1) With Arsenic : Mispiekelj Scorodite, Fharmacosiderite. 

Sulphur: Fyrite, Chaleopyrite, Kyrosite. 
Oxygen : Magnetite^ Hematite, Gothite, 
Magnesia: MagneferritCy Cronstedtite, 
Manganese and Zinc : Franhlinite. 
Chromium : Chrome Iron. 
Chlorine : Kremereite. 
Sulphuric Acid : Copperas. 
Phosphoric Acid : VivianitCy Childrenite. 
Carbonic Acid : Chalyhite, JBEumboldtite. 
Boric Acid : Lagonite. 
Tungstic Acid : Wolframite. 
Titanic Acid : Ilmenite, Kibdelophane. 
Tantalic Acid : Tantalite. 
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(w) With Niobic Acid : Cohimhite, 

Ip) yy Silica : Garnet (iron), Nontronitey Anthoaiderite, 
{9) „ Copper : Ckalct^yrite, Boulangerite. 
,9 Silver: Stembergite. 

20. Lead.— (a) With Tellurium : AHaite. 
With Gk)ld and Silver : St/lvanitfy Noffyagite, 

J, Selenium : Clau8thalite, Berzelianite, 

t, Sulphur : GaletMy Steinmannite, Caledonite. 

y. Chlorine : MendipitCy Matlockitey Fereylite. 

„ Oxygen : Flumhic Ochrey Plattnerite, 

,, Phosphoric Acid : Pyromorphiiey Flumboresinite. 

,, Arsenic Acid : Mimetitey Carmine Spar. 

jy Carbonic Acid : Certtsitey Tarnowitzite. 

y, Lime : PlumhoeaXcite, 

yy Zinc : Zinc lead »par. 

„ Chromic Acid : Melanoehriotey Vauquelinite. 

,y Yanadic Acid : Vanadinite, Deseloizite. 

„ Molybdic Acid : WUlfenite. 

„ Tungstic Acid : Seheelite. 

,, Antimony : Jamesonitey Boulangeritey Bleinierite. 

,y Copper : Bournonitey Cuproplumbite. 

21. Lithium. — {a) With Phosphoric Acid : Amhlygonite, TriphylUne. 
"I) With Silica and Alumina : Spodumen, Betalite. 

Potash : Lepidolite, 
Lime : ScapoUte. 

22. Magnesium. — (a) With Chlorine : Tachydrite. 
ifi) With Sulphuric Acid : Epsomitey Martinsite, 

(v) „ Phosphoric Acid : Wagner itey Lazulitey Sordawalite, 

(i) „ Carbonic Acid : Magnesitey Breunnerite. 

(t) „ Boric Acid : Boracitey Stasnfurthite. 

y, Arsenic Acid : Picropharmaeolitey Kuhnite. 

„ Silica: TalCy SepioliUy Tourmaliney Serpentine. 

,f Fluorine : Chondrodite. 

,, Alumina: Spinel, Fleonaste, 

23. Manganese. — (a) With Arsenic: Kaneite, 
Tj With Sulphur : Alabandite, Hauerite, 

y, Oxygen : Fyrolusitey Fsilomelaney Hatismanite. 

Carbonic Acid : DiallogitCy Manganocaldte. 

Tungstic Acid : Wolframite. 

Tantalic and Niobic Acid : Tantalitey Columbite. 
„ Silica, Alumina, Glucina, &c. : Rhodonitey MeUnney 
yy Zinc and Iron : Franklinite. [^Carpholite, 

(i) „ Phosphoric Acid : Triplite. 

24. Mercury. — (a) With Selenium and Lead, &c. : Onofrite, Therba- 

ehitey Hemannite. 
(P) With Sulphur: Cinnabar y Hepatic Cinnabar. 
(y) „ Copper and Silver : Spaniolite, 
(0) „ Chlorine : Calomel (Bavaria), 
(ei „ Iodine : Coccinite. 
(v 99 Selenium : lUmannite. 
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26. Molybdenum.— (a) With Sulphur: Molybdenite, 
03) With Oxygen : MolybdiU, 
iy) „ Lead: WulftniU. 

26. NiCKBL.— (a) With Antimon V : BtiethaHptite, 

(iS) With Aiienic : Niewlite {Copper Xiekel), ChloanthiU. 
Sulphur: Afillerite, Troiiite. 
Bismuth : GruHauite. 
Iron : Bnttlandiie, Tnilite, Pyrrkotite, 
Cobalt and Copper : Smaltitey Cohaltite. 
Oxygen : Pimelite. 
Carbonic Add : Etnerald ITiekel. 
Silica, Magnesia, and Iron : Ckrysolite, JRottisite. 
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27. Niobium. — (a) With Iron, Manganese, and Tantalic Add: 

Coiumhite. 

28. Osmium. — (a) With Iridium, Rhodium, &c. : Iridoamine, 

29. Platinum. — (a) With Iridium and Copper : Flatiniridium. 

30. Potassium.— (a) With Chlorine : Sylvine, CamaUiU, 
*1) With Sulphuric Acid : Alwiitey Folykalite, Voltaite. 

Nitric Acid : Nitre. 

Silica : Orthoclase, Hyalophane, Mica, Apophyllite. 
Manganese: Gigantolite, Fsilomelane. 
Magnesia : ViHarsitey Oifsidian, Pumiee atone. 
Lime : Stilbitey Falayonitef Apophyllite: 
Soda: Albite, Eudialitey Lava. 

31. Rhodium. — (a) With Iridium, Osmium, &c. : Iridosmine. 

32. Sblbnium. — (a) With Lead, Copper, Thallium, &c. : Clausthalite, 

Berzelianitey Crookeaite, Zorgite. 
{fi) With Mercury : Onofrite, Tiemannitey Lehrhaehite. 
\y) „ Tellurium : Tetradymite. 

33. Silver.— (a) With Gold: Native Gold, 
ifi) With Bismuth : Biamuth Silver, 
(y) „ Mercury : Native Amalyam. 

{o) „ Antimony: PyrargyritCy Diacraaitey Stephanite. 

{i) „ Tellurium : Nagyagite, Sylvanite^ Heaaite. 

(^ „ Selenium : Eucairite, Naumannite. 

{lis „ Sulphur : Argentite, Daleminzitey Acanthite. 

{9) „ Bromine and Iodine : Bromyritey lodyrite. 

(») „ Chlorine : Kerargyrite. 

(r) „ Arsenic : Prouatite. 

(X) ,, Iron : Stembergite. 

34. Sodium. — (a) With Chlorine : Common Salty Sodalitey Eudialite. 
(i3) With Fluorine and Alumina : CryolitCy Soday Alum, Chiolite, 
ly) „ Sulphuric Acid : Glauber Salty Thenardite, 

U) „ Lime : GlauberitCy Analcimey Gay-Luaaite, Natrolite, 

\t) „ Nitric Acid : Nitratine. 

(4) „ Carbonic Acid : Natrony Cancrinite. 

(j|) „ Boric Acid : BoraXy Hayeaine. 

(B) „ Silica, Iron, &c. : Albitey Achmite, Arfv€dam%t$, 
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35. Strontitjm. — (a) With Sulphur : CelestinA. 
(fi) With Carbonic Acid : Strontianite, 

(y) f, Silica : Brewaterite, 

36. Tantalum Columbitjm. — (a) With Iron: TantaliU, Wbl/ramite, 

Oolumbite. 
With Lime : Ptfrochlore. 

J) „ Yttria : Yttrotantalite, Lamarskitey Fergutonite, 
^ ) „ Zirconia : WohUriUf Eukolite. 

37. Tbllurium. — (a) With Gold and Silver : Syhanite, Nagyagite. 
(/8) With Lead : Altaite. 

38. Thorium. — (a) With Lime : FyroeJilore. 
(p) With Yttria: Zamarskite. 

(y) „ Silica: Thorite^ Orangite, 

39. Tiw.— (a) With Sulphur : Stannite. 
(fi) With Oxygen : Ccusiterite. 

40. TiTANTUM. — (a) With Oxygen : RutiUy Brookite, Anatase, 
"ij With Lime : Sehorlomite, Sphene, Ferowskite. 

J) „ Yttria : Fol^crase, Eitxenite, Tttrotitanite. 
\ ,, Zirconia : ^rstedlite. 
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„ Ceria, &c. : Mosandrite, Ttchewkinite, 
i) „ Iron : Ilmenite, laerine. 



41. Tungsten. — (a) With Oxygen : Tungttite. 
ifi) With Lime : ScheeliU, 

(y) „ Lead : Scheeletite. 

(h) „ Iron : Wolframite. 

U) ,, Yttria ; Zamarskite, Yttrotantalite, 

(() ,, Tantalic and Niobic Acid : Columbite, Tantalite, 

42. Uranium. — (a) With Sulphuric Acid : Trippeite, Johannite. 
{&) With Iron, Silica, Lime, Lead, &c. : Fitchblende, 

fv) „ Phosphoric Acid : Uranite, 

\h) ,, Carbonic Acid : Ziehigite, Voglite, 

(c) „ Silica: Uranopkane. 

43. Vanadium. — (a) With Lead : Vanadinite, 

44. Yttrium. — (a) With Silica, Glucina, and Iron : Gadolinite, 

46. Zinc. — (a) With Sulphur : Sphalerite, Frzibram Galena, Voltzite, 
(fi) With Manganese and Iron : Franklinite, 
(y) „ Carbonic Acid : Calamine, Aitrichalcite, 
ifi) „ Silica : Smithsonite. 

46. Zirconium. — (o) With Silica : Zircon, 

[The analyst may use this Table (at least) in two ways. He may 
form a typical mineral cabinet from it, in conjunction with the Tables 
given in pages 175, 186, of this work, for which purpose I can 
honestly recommend the establishment of Mr. Henson, tiie mineralo- 
gist, of the Strand, London ; or he may analyze any of the minerals 
giYOD, with the view of detecting the typical elements here indicated.] 
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The student who wishes further infonnation in this 
matter will find detailed reactions of every metal^ &c., 
arranged with a view to facility of reference, in my 
" Alphabetical Manual of Blowpipe Analysis." Trub- 
ner & Co. 1880. 



INDEX. 



N.B.— The references to Table III. are the atomic weights of the metals. 



A. 

Abich'8 dosed mortar, 50. 

open modifloation of, 52. 
Absorption bands, 87. 
Add, Borio (Beagrent), 78, 92. 

detedaon oi; Tabs, iii., 11* ; yi., 5. 
Add, Carbonic, detedaon. of, Tabs, iii., 

12- ; Ti., 10. 
Add, Phoisphorio (Beagent), 93, 95. 

detedaon of. Tabs. iiL, 81' ; yi., 38. 
Add, Solphnric, detection of. Tabs, iii., 

82' ; yL, 46. 
Add, Titanic (Beagent), 96. 

detection oi; Tabs, iii., 50*35 ; yi., 54. 
Add, Tnngstio (Beagent), 96. 

detection of; Tabs, iii., 184* ; yi., 58. 
Agate slabs (apparatus), 49. 
AlaixindUe, analysis of, 168. 
Alkalies (Beagents), 96. 

detection of. Tabs, iii., yi. 
Alkaline earths, detection of. Tabs, iii., 

vi 
Alloys, Table of reactions of, 106. 

separation of metals in, 108. 
AUiminUei analyds of, 169. 
Alnmininm, detection of. Tabs. Iii., 27*6 ; 

yi.,1. 
Alnmininm plate (Support), SO, 86. 

reactions npon, Tab. yi., cols. 2, 3, 7, 
98,106. 
Alnminons alkaline silicates. Tab. yi., 48, 

col. 4. 
Analyses, blowpipe, of minerals, 156—174. 
Antimony, detection of, Tabs, iy., D ; y. 

1 ; yi, 46. 
Anyil-mortar, 50, 52. 
Apatite, analysis of, 173. 
Argmtine, analysis o^ 171. 



Arrangement of silicates, 175. 

Arsenic, detection of. Tabs, iy., A ; y.« 8 ; 

yi., 8. 
Assay squares, 114. 
Auxiliary apparatus, 46, 59. 

B. 

BaCl2, analysis of; 156. 

Ball formation in borio add, 80, 82. 

rationale ot, 142. 
Balls, inner, formation of, 188. 

rationale of, 143. 
Balls, caldum-borate (Beagent), 96. 
Bands, absorption, in borate bckUs, 87. 
Barite, analysis of; 168. 
Barium, detection of, Tabs, iii., 187*; 

yi., 5. 
Basins for boiling oyer lamp, 54. 
Bergmazm's treatise written by Qahn, r8» 

note* 
BerthierUe, analysis ol^ 169. 
Beryllium {see Gludnum). 
Berzeliufl's treatise written by Gahui 78^ 
note, 

oil lamp, 17. 
Bismuth, detection oi; Tabs, iy., H ; y., 4 ; 

yi., 8. 
Black, Dr., his blowpipe, 6. 
Blast blowpipe, shapes o^ 62, 65. 

creates a yortez in air, 65. 
Blower, moutii, 2. • 

foot, 7. 

hand, 9. 
Blowing apparatus, how to make, 1. 
Blowpipe air-reaeryoir, 2, 6. 

Gahn's, 6. 
Borate, caldum (Beagent), 96. 
Boxax (Beagent), Tab. yi., coL 4, 78. 
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Boric add, reactions ot Tabs. iii. and 
vi., 4. 

detection of; Tabs, iii.* 11 ; Ti, 6. 
Bottles, oxide (Fig. 29), 38. 

water-dropping, 67. 

cobalt eolation, 66. 
BcurnoniU, analysiB of, 172. 
Box foot-blower, a, 8. 
Boyle, B., mentions the blowpipe in 

ieao,x. 

Bromine, detection of, Tab. yi., 9. 
Brooke, his piston hand-blower, 18. 
Browning, J., of London, 86. 
Bmno Eerl, Prof. Y., 162,Tarions analyses 

oi; 167, 178. 
Brushes, nseftd, 56. 
Bnlbs, glass, 38. 
Bomer, heated gas, 24. 
Bmisen,24. 

C. 
CADMinM, detection of^ Tabs. v. 6 ; vi., 12. 
Calcium, detection oi; Tabs. iii. 40*; 

▼i, 11. 
borate (Reagent), 96. 
Caloi-sodic crystallisation. Tab. yi. 11, 7. 
Calomel, Analysis of, 160. 
Calvert and Johnson, 99, noU. 
Candle-lamp, how made, 19. 
Candles, pyrologioal, Price & Co.'s, 20. 
Capsules, platinum or aluminium, 69. 
Carbon dioxide, carbonic anhydride, or 

carbonic acid gas, detection oi^ Tabs. 

iii, 12' ; vi., 10. 
Carbonate potassium (Reagent), 96. 
Do. sodium Do. 96. 

CaasiUrite, analysis of, 164. 
Cerium oxide, detection o^ Tabs. iiL 94*5 ; 

vi,18. 
Characteristic fossils, 124. 
Charcoal slips (support), 36. 
Chemical water, detection of. Tabs. iii. 1* ; 

vi., 22. 
colours of gems probably due to, 161. 
Children, J. G., his "translation," 60. 
Chlorine, detection o^ Tabs, iii., 86*6 ; vi., 

14. 
Chlorides, metallic, injure Al plate B.B., 

Tabs, iv., vi., note. 
Chromium oxide, detection of. Tabs, iii., 

62-6; vi.,16. 
City and Guilds of London Institute, x., 

note* 
Coal-gas as fbel, 15. 



Cobalt, detection oi; Tabs, iii., SBS ; vi, 

16. 
Cobaltine alkalimeter, 94. 
OobaUitet analysis of; 170. 
Cobalt solution, reactions o^ Table vL, 

col.6. 
Colours of jewels, probable cause oi; 161. 
Coloured flame (see Pyrochrome), Tab. 

vi., col. 6. 
Compass, equatorial (to detect inm), 55. 
Conduction heat, cause of the analyticBl 

properties of aluminium plate, 101. 
Copper, detection o^ Tabs, iii., 63*6 ; yi., 

17. 
Copper oxide (Reagent), 97. 
Cornwall, Profl, on Blowpipe Analysis, 

87, 40, 132, 134. 
Corrosive Sublimate, Analysis of; 160. 
Cotta, Von, 118. 
Chtunniu, analysis of, 162. 
Cramer, A., describes *' Cronstedf s blow- 
pipe " in 1737, 77. 
CrocoisiUt analysLs of, 163. 
Cronstedt misappropriates Von Bvarb's 

work,ix. 
Orpolitet analysis of, 169. 
CuO + CrsOs, analysis of, 168. 
Cylindrical pyrological candles, 21. 

D. 

Dana, Prof. J. D., 111. 
Daniell and Person, 100. 
Decrepitating minerals, list of; 174. 
Didymium oxide, detection o^ Tabs, iii., 

96- ; vi., 18. 
Dilly Brothers, publishers of the first 

work on Blowpipe Analysis, ix. 
Distillation al water in the field, 141 

E. 
Eabthb, alkaline, detection of. Tabs, iii, 

vi. 
EUychnine pyrochrome, explanation of; 

8a 
Engestrom, Yon, not the writer of the 

treatise known as his, ix. 
Epsomitet analysis of, 167. 
Erbium .oxide, detection o^ Tabs, iii., 

112-6; vi.,19. 
Examination of oxides, &c., in Pt. forceps. 
Tab. vi., col. 2. 
of oxides on bare aluminium plate, 
Tab. vi., cols. 2, 7. 
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Examination of oxides on Al plate with 
C slip, Tabs, v., yi.* col< 3. 
of oxides in boric acid. Tab. iii. 
of oxides in combination in boric 

acid. Tab. vi., col. 4. 
of oxides ig^ith cobalt solution, Tab. 

yi., coL 5. 
by pyrochromes. Tab. vi., col. 5. 
of oxides, &c., in P. acid, Tab. ti., 

col. 6. 
of oxides, &c., in sodium carbonate. 
Tab. "vi, col. 7. 
Examples of mineral analysis, 132, 153, 
164,156-174.' 

F. 

Fahlebz, analysis o^ 169. 

Fletcher, L., 110. 

Fletcher, T., his hand-blower, 13. 

his portable jet-carrier, 22. 
Fluorine, detection of. Tabs, iii., 19* ; vi., 
. 20. 

Fluor spar (Eeagent), 96. 
Foil, aluminium (see Al plate] . > 1 

platinum, 40^ 
Foot-blowers, how made, 7. 
Forceps, 46. 

magnetic, 42. 
Fossils, characteristic, 124. ^ 
Foster, Dr. C. Le Neve, his lamp, 22. 
Ii'raTikUnUe, analysis ol^ 172. 
Franz, 99, note. 
Freiberg apparatus, 46. 

qualitatiye examples, 156. 
Fresenius, Prof., 72. 
Fuel, coal-gas as, 15. 

G. 

Gahk the real writer of Berzelius's and 
Bergmann's treatises on Blowpipe Ana- 
lysis, 78, note. 
Gahn, invention of platinum-wire support 
by, 40. 
his blowpipe, 6. 
Gems, cause of colours of, 151. 
General reactions of oxides (Tab. vi), 109. 
guide to first operations (Tab. vii.}, 
110. 
Geological rocks, analysis of, Tab. xiii., 
129. 
subformations. Tab. xtu, 119. 
Geometrical pens as holders, 45. 
Glass bulb or tube holder, 33. 
apparatus, 55. 



Glass slabH, 59. 

bulbs or tubes, 37. 
Glucinum, detection of. Tabs, iii, 9*2; 

vi., 7. 
Gold, detection of; Tabs, iii., 196*7 ; vi., 4. 
" Green, J. C, School of Science," 30. 
Griffin, J. J., " On the Blowpipe," 60. 

invention of; adopted unacknow- 
ledged, xi. 
Griffin's C. boiling stand, 24. ' 
Guthrie, Prof. F., 104, 155. 
Oypaum^ analysis of, 157. 
Gypsum (Eeagent), 17. 

H. "^ 

Haxu-blowkbs, how made, 9. 
Hardness, Moh's scale of, 132. 
Harkort, an original blowpipe writer, 78, 

note. 
Heat, gentle ; curious separation of metals 

in an alloy by, 106. 
Henson, Mr., 151, 184. 
HgCU, analysis ol^ 161. 
Hopkins and Williams, Messrs., 93. 
HUbneritet analysis of, 161. 
Hustler, the late W., 156. 
Hutchings, W. M., his treatise on Al plate 

reactions, 31. 
Hydrated acids, 145. 
Hydrates, chemical, 136. 
Hydrocarbonous pyrocone, 74. 
Hydrogen, detection o^ Tabs, iii, 1* ; vi, 

22. 
Hypothesis of pyrocone formation, 61-56. 
of non-fusion of aluminium plate, 
100. 

I. and J. 

Ihportakgb of a knowledge of pyrocone 

formation, 65. 
Infusibility of aluminium B.B. ; cause 

different firam that of platinum, 100. 
Ink eraser, 98. 

Inner balls formed by silica, 138, 143. 
Institute, City and Guilds of London, x., 

note. 
Instruments {see Auxiliary Apparatus)^ 
Iodine, detection of. Tab. vi., 24. 
Iridium, detection of, Tab. vi., 25. 
Iron, detection of. Tabs, iii., 56* ; vi., 21. 
Jelly formed by silicates in B. add. Tab. 

vi., 48, col. 4. 
Johnson & Matthey, Messrs., 4, 35. 
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K. 

EjrowLEDOB of pyrocone stmctnre im- 
portant, 61, 65. 
of pyrologyaaefal commercially, yii. 
KClOs, analysis of, 172. 



Itdbradoritet anaXjOB of, 164. 
Lamps, pyrological, how to make, 15. 
oil, 17. 
candle, 19. 
hot-gas, 25. 
cold-gas, 28. 
Landauer, F., on Blowpipe analysis, 72, 

78, 101. 
Lead, detection of. Tabs. iv. F. ; vi., 41. 
Lenses, different kinds of, 52. 

American, cheap, 53. 
Letcher, J. T., his vidcanite hand-blower, 

11. 
Lime, detection of (see calcium oxide). 
Tabs, iii., 40' ; vi., 11. 
inflammation o^ with hot glacial P. 

acid, Tab. vi., coL 6, 11. 
beautifol colonred mantle— p.c. pro- 
duced by, 134. 
(Beagent), 96. 
Line of blast on surfietce of pyrocone, not 

within it, 63, 69. 
Lines, D, from platinum, not due to so- 
dium, 149. 
spectroscopic, dark, 87. 
Lithium, detection of, Tabs, iii., 7* ; vi., 

88. 
Lombardi, W., his hot-gas lamp, 25. 
London, City and Gkiilds of, x., note. 
Lorgnette spectrum, 85. 
Luminosity in pyrocones a defect, 74. 
Luminous p.c. of copi>er in boric acid, 

79. 
Lyell, Sir C, 119, 124. 

M. 

]!£aokesia, detection of. Tabs, iii., 24*; 

vi., 29. 
Magnesium tape (Reagent), 97. 
Magnet, horseshoe, made of pliers, 44. 
Magnetic needle for iron, &c., ores, 55. 
Manganese, detection of. Tabs, iii, 55* ; 

vi., SO. 
solution (Reagent), 97. 
Mercury, detection of, Tabs, iii., 209* ; vi., 

93. 



Metals and alloys on Al plate, 104. 

Miller, W. A., 139. 

MiUer,W.H.,110. 

Mimetite, analysis o^ 161. 

Minerals, combinations in (Tab. X7ii.]> 

178. 
Mineralogy, pyrol(^cal, 110. 
Mines, Royal School oi; x., note. 
Mispickel analysed, 166. 
Mn. + Co. O., analysis of, 168. 
Modification of Plattner's mouthpiece, 7. 

of Abich'g mortar, 60. 
Molybdenum, detection of, Tabs, iii., 96' ; 

vi., 31. 
Molybdite^ analysis of, 164. 
Mouthpiece, Plattner's trumpet, 7. 
Muspratt, S., his translation of "Platt- 

ner," 70. 

N. 
NiccolUe, analysis of, 173. 
Nicholson, Prof. H. A., 124. 
Nickel, detection of. Tabs, iii., 58' ; Ti., 
35. 
in presence of cobalt, 81, 173. 
Nicol, J., his mineralogy. 111. 
Niobium, detection of. Tabs, iii., 94' ; Ti., 
34. 

Nitrogen, detection of, Tabs, iii., 14* ; Ti> 
32. 

O. 

OaioiKAL writers on blowpipe analyos 

only four, 78, note. 
O.P. (old O.F.), exact position of, 73. 
Osmium, detection of; Tab. vi., 37. 
Oxides, reactions of; Tabs. iii. and tL 

of copper (Reagent), 97. 

of titanium (Reagent), 96. 

of tungsten (Reagent), 96. 
Oxygen, detection of; Tab. vi., 36. 
Oxy-hydrogen pyrocone, 73. 

P. 
Pads, blotting, useful, 84. 
Pen, geometrical (support), 46. 

hoife (apparatus), 65. 
Penning, W. H., 119, 124. 
Phosphoric acid, detection of in Af<A^t 

173. 
Phosphoric acid (Reagent), 112, note. 

reactions ol^ Tab.^vi., ool. 6. 
Phosphorus, detection oi Tabs. iiL, ft'; 
vi.,38. 
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Plate, aluminlTiin (support), 82, 96. 

almnininm, reactions upon, 98, 108. 
Platinum spatula, 66. 

tonga (support), 89. 

wire (support), 40, 46. 

D-lines afforded by, 149. 

detection o^ Tabs, iii., 197-4 ; vi., 40. 
Plattner, C. F., 78, noU. 

his trumpet mouthpiece, 7. 
Potassium carbonate (Reagent) 95. 

sulphate (Reagent), 90. 

pyrot un gstate (Reagent), 97. 

detection oi; Tabs, iii., 39* ; yi., 2C. 
Pufahl, Herr, 162. 

Pyrochromes, or coloured flames, list of; 
Tab. ytf col. 6. 

ellychnine, to produce, 88, 134. 
Pyrocones, s truct ur e of, 60, 70. 
Pyrological mineralogy, 110. 
Pyromorphitef analysLs of, 162. 
/Vrite, analysis oi; 166. 

Q. 
QuALiTATivB Freiberg examples, 156. 



R. 
BxAOTiovs of alloys on Al plate, 104. 
of metals on ditto with C slip, 106, 
107. 
Bichter, Prol, 166. 
Rhodium, detection of, Tab. yi., 43. 
Royal School of Mines, x., note. 
Ruthenium, detection of. Tab. vL, 44. 
ButUe, analysis of, 163. 

8. 
Saw, charcoal, 64. 
3 + As + 8b + Bi + Co 4- Ni + Cu, 

analysis ol^ 171. 
School of Mines, Royal, x., note, 
kasBor-farceps, 46. 
Selenium, detection of, Tabs, iii., 79*4 ; yi. 

47. 
Shape of blast in wayes oyer a candle, 62* 

in spirit-lamp flame, 64. 
Silica, detection of. Tabs, iii., 28*6 ; yi., 48* 
Silicates, typical, Tab. xyi., 176. 

certain, form a jelly in B. acid. Tab. 
yi., 48, col. 4. 
Silyer, detection of; Tabs, iii., 108' ; iy., 
M. ; y., 10 ; yi., 2. 
foil or coin (Reagent), 97. 



Blabs, agate, their superiority to mor- 
tars, 49. 

glass, 69. 
Sodium, detection of. Tabs, iii., 23*; yi, 33. 

yellow flame remoyes opalescence or 
precipitate caused by platinum yel- 
low flame, 149. 

carbonate (Reagent), 95. 

cobalt, reactions of; Tab. yi., col. 6. 
Solution, manganese (Reagent), 97. 

cobalt (Reagent), 96. 
SpanioliUi analysiB of; 170. 
Spectrum flame-lines, 85, 86. 

absorption bands, 87. 

lorgnette, 86. 
Sphalerite, analysis of; 168. 
Stannitet analysis o^ 166. 
Stephanite, analysis of, 171. 
Stokes, Prof. G. G., 143. 
Strontium, detection of, Tabs, iii., 876 ; 

yt,60. 
Structure of pyrocones, 60-70. 
Sublimates on Al plate. Tabs. iy. and y. 
Sulphur, detection of; Tabs, iii., 32* ; yi., 

46. 
Superposition of blast, 63. 
Supports of assays per «e, 30-40. 

of reagents, B.B., 40-46. 

T. 

Tablb of alloys and metals treated on 
aluminium plate, 106. 

assay squares, 114. 

ayerage composition of some fel- 
spars, 189. 

ayerage composition of some rocks 
188. 

characteristic fbssil species, 124. 

chemical formulae of salts, 189. 

combinations in minerals, 178. 

co mm on er colours of minerals, 186. 

decrepitating minerals, 174. 

firaotions and percentages, 113. 

general reactions of oxides, 109. 

geological subformations, &c, 119. 

guide to analytical operations, 112. 

metals treated on aluminium plate 
with charcoal lozenge or **slip,'' 
106, 107. 

paragenesis of some ores, 118. 

reactions of pure oxides in boric 
add, 90. 

spectrum flame-lines, 86. 
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Table of the blowpipe treatment of rocks, 

129. 
typical sQicates, 175. 
useftd contractionR, ftc, 88. 
Tantalum, detection of, Tabs, iii., 137*6 ; 

▼L,61. 
TeUnzitim, detection of, Tabs, iii., 128*8 ; 

vL,62. 
Tetraksdrite, analysis of, 169. 
Tin, detection o^ Tabs, iii., 118* ; vi., 49. 
Titanium, detection of, Tabs, iii., 50*86 ; 

TourvuduUt analysis of, for boric add, 174. 
Tnbes, body, of month-blower, 8. 
Tnngsten, detection of, Tabs, iii., 120* ; 
▼i., 66. 

U. 

Ubavtum, detection of. Tabs, iii., 120' ; 

Ti., 66. 
UsOs, analysis of, 162. ' 
Urardnite, analysis of, 167. 

V. 
VAuarmr, W., 140. ' 
Vanadium, detection of. Tabs, iii., 187*1 ; 

▼i,67. 
Veeionlation, borates made more visible 

by, 88. 
Von Srarb the writer of Engestr6m*s 
treatise, iz. 
his work misappropriated by Cron- 
stedt, X. 



Von Svarb the inventor of *<Cronsted1fs 
blowpipe," and of using borax, ftc, 
77. 

Vortex finmed by the blast in still air, 65. 

W. 

Wadf analysis o^ 167. 

Washing bottles, 67. 

Water, chemical, in calcium hydrate, 136. 

in pure silica, 138. 

in WaveOitej 161. 
Wheler, Prof. G., 181, note. 
Wiedmann, 99, note. 
Williams, Mr., 98. 
Wires, platinum (support), 40. 

magnesium (Reagent), 97. 
Wol^'amUe, analysis oi; 160. 
WoUaston, Dr., 67. 

Y. 

Yttbium, detection of, Tabs, iii., 617; 
vi,69. 

• Z. 

Zeoutio silicates, analysis o^ Tab. ti., 

4&-4. 
Zinc, detection oi; Tabs, iii., 65* ; iv., B. ; 

v., 14 ; vL, 60. 
ZineUe, analysis of; 166. 
Zirconium, detection oi; Tabs, iii, 89*5; 

vi., 61. 
ZoisiUf analysis o^ 163. 
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MAXTJPACTURED BY 

JOHN T. LETCHER, TRURO. CORNWALL, 

SOLE MAKER OF 

LIEUT.-COL. ROSS'S PYROLOGICAL APPARATUS 

IN GBEAT BBITAIN. 



JCAKEB OF THE SOCIETY OF ABTS' BLOWPIPE APPASATUS, *e. 



Boss's Air Beservoir Blowpipe, with platinum nozzle (Fig. 3) 5 

,, „ with brass nozzle . . .030 

Mouthpieces, 4d. each ; with valves, 6d. each . 4d. to 6 

Air Beservoirs perdoz. 6 

Nozzles, brass, 4d. ; platinum, 2s. each . . 4d. to 2 0. 
Boss's Pyrological Candles, 6d. each . . . per lb. 1 6 
Boss's Pyrological Candle Lamp (Fig. 16) . . . .046 
Berzelius Lamp (Oil), on stand, with foldhig stand (Fig. 14) 8 6 
Grease Lamp, as in Society of Arts cases . . . . 10 

Wick for Lamps per yard 3 

Spirit Lamps, tin or glass each from 10 

Hand Bellows, Boss's, leather (Fig. 10) . . . .036 

„ Letcher's, vulcanite 2 6 

Boss's Alnminium Plates (Fig. 25), by weight at market price. 
Letcher's Universal Motion Blowpipe Stand • . each 4 6 
„ „ Holder .... each 046 

Charcoal Saws each from 6d. to 1 

Boss's Steel Anvil Mortar (Figs. 58, 60), well made . .036 
Platinum Forceps (Fig. 32) ... each 3s. to 3 6 

latinum Wire, per inch. Id per oz. 116 

Agate Slabs (Fig. 56). Quotations per size. 

Pliers, forming horseshoe magnet (Fig. 41), from Is. 6d. to 2 6 

Pliers, ordinary from Is. to 3 6 

Porcelain Boiling Dishes .... from 3d. to 1 
Holders for Dishes, &c. (Fig. 64) . . . . each 4 
Test-Tube Holders (Fig. 31) . . . each 2d. to 6 
Magnifying Glasses (Figs. 61, 62) . . each Is. to 3 6 

Knives each Is. to 3 6 

Scissors each 6d. to 3 6 

Sdssor-Forceps (Fig. 48) . . . . each Is. 6d. to 3 6 



^riai of SSloto^t^e ^ppKrnUxi— continued. 

£ t. d. 

Blue Glass Slips, each 2d per doz. 16 

Closed Tubes (Fig. 29), per doz., 3d. . . . per gross 2 9 

Thin Tubing per lb. 1 8 

Tube-Combustion (very thin, of the finest quality) per lb. 3 

REAGENTS. 

Calcium Borate, in bottles .... each 8d. to 1 

Cobalt Nitrate, pure per oz. 1 6 

Stick Glacial Phosphoric Acid .... per oz. 6 
„ „ Pink with cobalt, to test for 

Alkalies, per bottle, of beads 10 

Soda Carbonate, pure per oz. 3 

Potash Carbonate, pure per oz. 6 

Magnesium Ribbon, 8d. per yard . per oz. 13 

Boric Acid per oz. 3 

„ in beads fused according to quantity. 

Tunstic Acid per oz. 1 6 

Titanic Acid, pure, 88. per oz. Ti 0, (Rutile) . per lb. 3 3 

Bisulphate of Potash per oz. 2 

Fluor Spar per oz. 2 

Litmus Paper, red and blue .... per book 002 

Turmeric Paper per book 2 

Brazil-wood Paper per book 3 

A complete Cabinet of Colonel Ross's apparatus is near completion, 
and will shortly be advertised in due course. It will contain the 
following articles: — Ross's Blowpipe, Pyrological Candle, Spirit 
Lamp, Anvil Mortar, Platinum Forceps, Steel Forceps, Aluminium 
Plate and Holder, Charcoal Slips, Platinum Wire, Agate Slabs, 
Pliers, Tube Holder, Magnifier, Charcoal Saw, Magnetic Needle, 
Knife, Slip of Blue Glass, Closed Tubes, Glass Tubing. Reagents : — 
Nitrate of Cobalt, Stick Glacial Acid, Carbonate of Soda, Carbonate 
of Potash, Lime, Tunstic Acid, Rutile, Bisulphate of Potash, Potassic 
Iodide and Sulphur, Litmus Paper, Turmeric Paper, Brazil-wood 
Paper, Magnesium Ribbon. 

Every requisite for Fyrological work supplied to order. 

Metals, Alloys, Salts, Oxides, Sulphides, and Minerals always in 

stock for practice. 



ALL APPARATUS GUARANTEED. 



In submitting this Catalogue, J. T. L. reserves the right of slightly 
modifying the prices quoted if necessary. 



USEF UL SCIENTIFIC BO OKS. 

A Class-Book of Geology, Physical and Historical : 

cozifiisting of " Physical Geology," which sets forth the Leading 
Principles of the Science ; and ** Historical Geology/' which treats 
of the Mineral and Organic Conditions of the Earth at each succes- 
sive epoch, especial reference being made to the British Series of 
Rocks. By Ralph Tatb. With more than 250 Illustrations. 
Fcap. 8vo. Price 5s. cloth. 

The Budiments of Mineralogy, a concise View of the Pro- 
perties of Minerals. By A. Ramsat, Jun. Woodcuts and Steel 
Plates. 12mo. Price 3s. 6d. cloth. 

A Manual of the Mollusca ; being a Treatise on Recent 
and Fossil Shells. By Dr. S. P. Woodward, A.L.S. With 
Appendix by Ralph Tatb, A.L.S., F.G.S. With numerous 
Plates and 300 Woodcuts. Third Edition. Crown 8vo. Price 
7s. 6d. cloth. 

A Treatise on Metalliferous Minerals and Mining. 

By D. C. Davies, F.G.S. With numerous Wood Engrayings. 

Second Edition, revised. Crown 8vo. Price 12s. 6d. cloth. 

** Without question the most ezhaustiye and the most practically useful work we 
have seen ; the amount of information giren is enormous, and it is giyen concisely 
azid intelligibly."— if tntn^ Journal. 

A Treatise on Earthy and other Minerals and Mining. 

By D. C. Davibs, F.G.S. Uniform with, and forming a com- 
panion volume to, the above. With numerous Illustrations. 
Crown 8vo. Price 12s. 6d. cloth. [Nearly ready, 

A Treatise on the Metallurgy of Iron : containing Oat- 
lines of the History of Iron Manu£Eicture, Methods of Assay, and 
Analyses of Iron Ores, Processes of Manufacture of Iron 
and Steel, &c. By H. Bauebman, F.G.S. Fifth Edition, Re- 
vised and Enlarged. Illustrated. Price 5s. 6d. cloth. 

Lathe-Work : a Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. 
Hasluck. Second ifdition, thoroughly Bevised, with a New 
Chapter on the Screw-cutting Lathe. Crown 8vo. Price 5s. 
cloth. 

The Commercial Haoidbook of Chemical Analysis ; 

or Practical Instructions for the determination of the Intrinsic 
or Commercial Value of Substances used in Manufactures, in 
Trades, and in the Arts. By A. Nokmandy. New Editiott, JSn- 
larged, and to a great extent re-written, by Hbnbt M. Noad, 
Ph.D., F.E.S. With numerous Illustrations. Crown 8vo. Price 
128. 6d. cloth. 

Tables, Memoranda, and Calculated Results for 

Mechanics, Engineers, Architects, Buildbbs, &c. Selected and 
arranged by Francis Smith. 240 pp. Waistcoat-pocket size. 
Price Is. 6d. limp leather. 

CBOSBY LOCKWOOD & CO., 7, Stationiss' Hall Coubt, Litdoatb Hill, E.C. 



USEFUL SCIENTIFIC BOOKS. 

The Operative Mechanic's Workshop Companion, 

and Thb Scientific Gentleman's Practical Assistant. By 

W. Tbmpleton. Thirteenth Edition, with Mechanical Tables for 

Operatiye Smiths, Millwrights, Engineers, &c. ; and an extensive 

Table of Powers and Roots. 12mo. Price 5s. bound. 

**Admirabl7adaptedtotbie wants of a very large class. It has met with great 

■000688 in the engineering workshop, as we can tesufy ; and there are a great many 

men who in a great measure ewe their rise in life to this little work.' '—BuUdingNewa. 

The Goldsmith's Handbook : containiog full Instmctions 

for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting, and Refining. 
Chemical and Physical Properties of Gold, with a new system of 
Mixing its Alloys ; Solders, Enamels, &c. By Geobge E. Gee. 
Second Edition, enlarged. 12mo. Price 3s. 6d. cloth. 
** The best work yet printed on its sahject for a reasonable price." — Jeweller, 
** Essentially a practical manual, well adapted to the wants of amateurs and 
apprentices, containing trustworthy information that only a practical man can 
supply." — English Mechanic. 

The Silversmith's Handbook, containing full Instructions 

for the Alloying and Working of Silver. Including the different 
Modes of Refining and Melting the Metal, its Solders, the Prepara- 
tion of Imitation Alloys, &c. By G. E. Gee. 12mo. Price 3s. 6d. 
'* The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study H.^—EngUth Mechame, 

Electro-MetallvLrgy Practically Treated. By Alexandeb 
Watt, F.R.S.S.A. Including the Electro-Deposition of Copper, 
Silver, Gold, Brass and Bronze, Platinum, Lead, Nickel, Tin, 
Zinc, Allocs of Metals ; Practical Notes, &c, &c. Eighth Edition, 
Revised, including the most recent Processes. 12mo. Price 
Ss. 6d. cloth. 
'* From this book both amateur and artisan may learn everything necessary for 
the successful prosecution of electro-plating." — Iron. 

** A practical treatise for the use of those who desire to work in the art of electro- 
deposition as a business.'* — English Mechanic. 

A Manual of the Alkali Trade. Including the Mannfactnre 
of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By 
John Lomas, Alkali ManufEicturer. With 232 Illustrations and 
Working Drawings, and containing 386 pages of text. Super- 
royal 8vo. Price £2 128. 6d. cloth. 
'* The author has given tl^e fullest, most practical, and, to all concerned in the 

alkali trade, most valuable mass of information that, to our faiowledge, has been 

published in any language."— £n^'n«er. 

The Art of Soap-Making. A Practical Handbook of the 
Manufacture of Hard and Soft; Soaps, Toilet Soaps, &c. Including 
many New Processes, and a Chapter on the Recovery of G^cerine 
from Waste Leys. By Alexander Watt, Author of " ]&ectro- 
Metallurgy Practically Treated," &c. Witii Numerous Illustra- 
tions. Crown Svo. Price 9s. cloth. [Jttst Publithed, 
'* The work will prove very useftil, not merely to the technological stodenLbat to 

the practical soap>boiler who wishes to understand the theory of his art."— 6nemiea< 

Neroa. ■ . ■■ 

CROSBY LOCKWOOD & CO., 7,:Stationbb8' Hall Coubt, Ludoate Him E.C. 
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• 

Humberts Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst M.E. Illustrated with 50 Double Platef, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. ts, elegantly 
and substantially half- bound in morocco. 

List 0/ Contents'. — 

I. Historical Sketch of some of the ' Machineiy.— XII. Conduits. — XIII. Dis* 
means that have been adopted for the tribution of Water.— XIV. Meters, Ser- 
&ipply of Water to Cities and Towns. — { vice Pipes, and House Fittings. —XV. The 

Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates.— Appen- 
dices, ^ving Tables of Rates of Supfdy, 
Velocities, &c. &c., together with Specm- 
cations of sevoal Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
of Water.— X. Pumps. — XL Puminng I Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto furoduced in 
EngUsh, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises."— ^lar^/V/^'rr. 

Humberts Work on Bridge Constrtution. 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, including 

Iron Foundations. In Three Parts— Theoretical, Practical, and 

Descriptive. By William Humber, A. -M. Inst C. £., and M. Inst 

M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 

6A idf. 6d, half-bound in morocco. 

" A book — and particularly a large and costly treatise like Mr. Hmnber's— which 
has reached its riiird edition may certainly be said to have establislied its own 
reputation." — Engineering, 



II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
£vap(Mration. — IV. Springs and the water 
tManng formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Sourco of Supply.— VI L Wells.— 
VIIL Reservoirs.— IX. The Purification 
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Humbef^s Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William IIumber, A.-M. Inst C.E., &c Imp. 4to, with 
6 Double Plates, drawn to a large scale, and Portrait of John 
lawkshaw, C.E., F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. 3^. half morocco. 

List qftht Plates and Diagrams. 



?! 



Virioria Station and Roof, L. B. & S 
C. k. (8 plates) : Soiithport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. anid 
Ci. W. R. (6 pLites) ; Roof of Cremome 
Music Hall ; firidge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (a 



plates) ; Bridge over the Thames, West 
London Extension Railway (^ ^'^ ' ^'* 
mour Plates : Suspension Bridge, Thames 
(4 plates) : The Allen Engine ; Suspension 
Bridge, Avon (3 plates); Undexground 
Railway (3 plates). 



HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &C., and descriptive Letterpress, Specifications, 
&c. 3/. 3J. hall morocca 

List of the Plaits and Diagrams. 



Viaduct. MerthjT, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(15 plates); Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Ciydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; £bbw 

HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E, and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocca 

List of the Plates and Diagrams. 
Main Drainage, Metropolis. — 1 Branck(3 plates); Outfall Sewer, Reser- 
Korih Side. — Map showing Interception \ voir and Outlet (4 fJates) ; OutCEdl Sewer, 
of Sewers: Middle Level Sewer (3 plates^; , Filthy Hoist ^ Sections of Sewers (North 



Outfall Sewer, Bridge over River Lea (3 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 



and South Sides). 

Thames Embankment.— Sectioa of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha< 
ring Cross and Waterloo Bridges ; York 



Railway (3 plates); Outfall Sewer, Bridge Gate (9 plates) ; Overflow and Outlet at 
over EUist London Waterworks' Feeder Savoy Street Sewer (3 plates) ; Steamboat 
(2 plates) ; Outfall Sewer, Reservoir (2 , Pier, Waterloo Bridge (3 plates) ; June- 
plates); Outfall Sewer, Tumbling Bay , tion of Sewers, Plans and Sections; Gullies, 
and Outlet; Outfall Sewer, Penstocks. | Plans and Sections; Rolling Stock; Gia- 
South 5*/^.— Outfall Sewer, Bermondsey , nite and Iron Forts. 

HUMBER'S RECORD OF MODERN ENGINEERING. Fourfli 
S«ries. Imp. 4to, with 36 Double Plates, Portrait of John Fowkar, 
Esq., late Plres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Ginal 



Railway (2 plates) ; Cannon Street Station 
Koof. Charing Cross Railway (3 plates) ; 
J?oaa Wi^z^ over the River MoVa K9. y 
plates) ; Telegraphic Apparatus {otW.eso-\ 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates); St. German's 
Viaduct, Cornwall Railway (9 plates) ; 
Wrougbt-Iron Cylinder for DivingBell ; 
Millwall Docks (0 plates) ; Milroy VPatent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbour^ Ports, and Brea^- 
tf«X!«s(:^plates)b 
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Strains in Iron Frameworks, &c. 

GRAPHIC AND ANALYTIC STATICS IN THKORV ANJ) 
COxMPARlSON. Their Practical Application to the Treatment 
of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus- 
pension Bridges, Braced Iron Arches and Piers, and other Frame- 
works. To which is added a Chapter on Wind Pressures. By R. 
Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo., i6j. cloth. 
" Mr. Graham's book will find a place wherever graphic and analytic statics are 
used or studied." — Engineer. 

'* This exhaustive treatise is admirably adapted for the architect and engineer, 
and will tend to wean the profession from a tedious and la1>ourcd mode of calcula- 
tion. To prove the accuracy of the graphical demonstrations, the author compares 
them with the analytic formula: given by Rankine."— ^«/7t//«^ Ne^vs. 

Strength of Girders. 

GRAPHIC TABLE for FACILITATING the COMPUTA- 
TION of the WEIGHTS of WROUGHT-IRON and STEEL 
GIRDERS, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C. E. On a Sheet, 2$. 6d. 

Strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBERy. A.-M. lust. C.E., &c. Third Edition. Cr. 8vo, yj. 6d. cl. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5^. cloth. 

"The student cannot find a better book on this subject thanMr. Sheilds'." — Engineer, 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. By Peter Barlow, F.R.S. 
Revised by his Sons, P. W. and W. H. Barlow. Edited by 
W. HUMBER, A.-M. Inst. C.E. 8vo, i8j. cloth. 
" The standard treatise upon this particular subject"— -fMltW/r. 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. TredgolD; C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, 
&c., of Cast Iron. By E. Hodgkinson, F.R.S. 8vo, r2j. cloth. 
*^* Hodgkinson's Researches, separate, price- 6x. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulse, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
and Water Supply. By J. Neville, C.E., M.R.I.A. Third 
Edition, Revised and Enlarged. Cto^im ^no^ \\s« Olq>^. 

^ 1. 
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Hydratdtcs. 

HYDRAULIC MANUAU Consisting of Working Tables and 
Explanatory Text Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D*A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo. idr. clotb. 
" We heartily recommend this volume to all who desire to be acquainted with the 
latest development of this important subject." — Engineering. 

"The standard work in this department of mechanics. The present edition has 
been brought abreast of the most recent practice." — Scotsman. 

River Engineering. 

RIVER BARS : The Causes of their Formation, and their Treat- 
ment by ' Induced Tidal Scour,* \^nth a Description of the Successful 
Reduction by this Method of the Bar at Dublm. By I. J. Mann, 
Assis. Eng. to the Dublin Port and Docks Board. Rl. 8vo. 7x. 6^. cL 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, m the Construction of Roeuds ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice <^ Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts, ovo, 
%s, 6d. cloth. %* Trautwine on Curves, separate, 5/. 

Practical Tunnelling. 

PRACTICAL TUNNELLING : Explaming in detaU the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Racing 
the Lines and Levelling under Groimd, Sub-Excavating, Timbermg, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I.C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30X. doth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. B)r Henry Law, M. Inst C.E 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell, M.I.C.E. Seventh Edition, Revised, with large addi- 
tions, by D. Kinnear Clark, M. Inst. C.E. 7^. 6</., doth. 

GaS'Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, is. td. 

Earthworks 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 

average of 80 feet. By 3^^^^^ Broadbent, C£., and FsANCis 

Campin, C.E. Ct, Evb, oUoiv^, y* ^"^"^ 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION and WORKING. 
Embracing a Comprehensive History of the System, with an 
Exhaustive Analysis of the various modes of Traction, including 
Horse-power, Steam, Heated Water, and Compressed Air ; a 
Description of the Varieties of Rolling Stock, and Ample Details 
of Cost and Working Expenses ; the Progress recently made in 
Tramway Construction, &&, &c. By D. Kinnear Clark, M. 
Inst C. E. With over 200 Wood Engravings, and 13 Folding 
Plates. 2 vols. Large Crown 8vo, 301. cloth. 
" All interested in tramways must refer to it, as ail railway engineers have turned 

to the author's work ' Railway Machinery.'" — The Engifietr. 
'* The work is based on former tramway experience, and is specially valuable in 

these days of rapid change and progress." — Engineering, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. Bv D. 
Kinnear Clark, M.I.C.E. Second Edition. i2mo, 4^. cloth. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GOODEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics,** "The Elements of Mechanism," &c. Fifth 
Edition. With numerous Illustrations. Crown 8vo, (^, cloth. 
*' Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining Journal, 

The High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates. 8vo, i6j. 6</., cloth. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 5th Edition. Sewed, 6</. 
*' If steam-users would hut learn this little book by heart, boiler explosions would 
become sensations by their nx\\:f^—~Et^lUh Mechanic, 

Mechanical Engineering. 

DETAILS OF MACHINERY: Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. By Francis Cam tin, C.E. 3^. (xi, cloth. 

Meclianical Engineering. 

MECHANICAL ENGINEERING: Comprising MeUllurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. 3J. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin, C. E. i2mo, 3^. 6^. cl. brds. 

Iron Bridges^ Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E.i2mo,3j, 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveyinir, 

Levelling, Setting-out and in Ronte Surveys of Travellers by Land 

and Sea. With Tables, Illostrations, and Records. By Lowis 

D* A. Jackson, A. -M. I. C. E. Author of ** Hydraulic Manual and 

Statistics," &c Large crown 8vo, I2s, 6d., cloth. 

** Mr. Jac^csoo ha< had much and varied experience in field work and some know* 

ledfe of Dookmaking, and he has utilised both these acquireaents with a very useful 

result. The volume covers the ground it occufMes very thoroughly." — Engineering. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc M. Inst C.E. Second Edition, 
Revised and Enlarged. 31. 6</., cloth boards. 
"This book contains all that such a treatise can be expected to omtain, and is 
sound and trustworthy in every particular." — Builder, 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlargeil, by W. Richards, C.E. i2mo, 5j. cloth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
nith a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. HUGHSS. 4J. 6</. doth. 

Coal and Speed Tables. 

POCKET BOOK OF COAL AND SPEED TABLES: for 
Engineers and Steam-Users. By Nelson Foley, Author of 
*' Boiler Construction.*' [A^eariy ready. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of '* A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by J). KiN- 
NEAR Clark, M. Inst. C.E. Second Edition. \s, cloth. 

" Students should buy the book and read it, as one of the most complete and satis- 
r.vCior>' treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavcmenls of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, M. Inst C.E. Second Edit, revised. l2nio, 5x. clotli. 
"A book which every botoush surveyor and engineer must possess, aod of coast* 
aVrabie service to arcmlecls, oaVldtxs^xA^ftQ^nY owners. *— /^lU&if JV«w. 
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Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. D£MPSEY, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, 
M. Inst. C.E. With Illustrations. l2mo. 3^. td,^ cloth boards. 
'* The student cannot foil to profit largely by adopting this as his preliminary text- 
book." — Inm and Coal Trades Review. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in die ordinary 
manner; Setting out Curves with the Theodolite by Tangentisd 
Angles and Miutiples with Right and Left-hand Readings of the 
Instrument; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4lh Edition, enlarged. Cr. 8vo. 12s. doth. 
'* The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Athetutum, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. i8mo, 2j. dd, doth. 
" As a really handv book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
avaSable for general or rough estimates, as well as for the more exact calculations 
l eq uii c d in the engineers' contractor's offices." — Artisan, 

Drawing for Engineers. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fifth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, doth, strongly bound, 4^. 

*' A copy of it should be kept for reference in evoy drawing office." — Engineering. 

" Indispensable for teachers of engineering &cvmsiZ**'^Mechanict* Magtuine, 

Wealis Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHiEOLOGY, the FINE ARTS, &c. By John Wealb. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Minmg 

Records, Editor of ** Ure's Dictionary of Arts." i2mo, (is. d. bds. 

" The best small technological dictionary in the luiffiagc^—ArcAi/eci. 

" The absolute accuracy of a work of tms character can only be judged of afler 

extensive consultation, and from our examination it appears very correct and very 

complete."— i*fi«i«je youmal. 
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MINING, METALLURGY, ETC. 

♦ 

Metalliferous Minmg, 

BRITISH MINING. A Trcatbe on the History, Discover}', 

Practical Development, and Future Prospects of Metalliferous 

Mines in the United Kingdom. By Robert Hunt, F.R.S., 

Keeper of Mining Records ; Editor of ** Ure's Dictionary of Arts, 

Manufactures, and Mines," &c. Upwards of 950 pages, with 230 

Illustrations. Super royal 8vo. ;£3 3^. cloth. \fiist published, 

"A sound, business-like collection of interesting facts. . . . The anv>unt of 

information Mr. Hunt has brought together is enormous. . . . The volume 

appears likely to convey more instruction upon the subject than any work hitherto 

published."— J//«/«^ Journal. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KIN<jDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\%s, cloth. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. 8vo, 12^. 6^. doth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen : the amount of information given is enormous, and it is given concisely. 

and intelligibly." — Mining Journal. 

Earthy Minerals and Mining, 

EARTHY AND OTHER MINERALS, AND MINING. 
By D. C. Davies, F.G.S. Unifoim vinth, and forming a com- 
panion volume to, the same Author's ** Metalliferous Minerals and 
Mining.'* With numerous Illustrations. \N early ready. 

Slate and Slate Quarrying* 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. 
Illustrated. Second Edition, revised. 3^. 6^. cloth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, ic. By H. Bauerman, F.G.S. Fifth Edition, 
.Revised and Enlarged, IWwsXxaXed, ^j. td,^ cloth. 
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Minings Surveying and Valuing. 

THE MINERAL SURV'EYOR AND VALUER'S COM- 
PLETE GUIDE, ou mpi i Mi ^ a Treaiise oe boprovcd Minii^ 
Snnreyiiig, with new TnTcne Tables ; and Descriptioos of Im* 
proved lostmiDCiits ; also an Exposition of the Correct Princicdes 
of Laying out and Valuing Home and Fore^n Inm and Coal 
Bfinersd Properties. By Wiluam Linteen, Mining and Ciril 
Engineer. With four Platesof Diagrams, Plans, &c i2mo,4r. doth. 

*^* Also, bound with Thomax's Tables. 7/. 61/. (See page 2a) 

Coal and Coal Mining. 

COAL AND COAL MINING. By Wamngtox W. Smyth, 

M.A., F.R.S., &a. Chief Inspector of the Mines of the Crown. 

Fifth edition, rerised. 4/. dodi. 

ETerr pottian of die ▼ohubc appears to have been prepared with wuca ore, awl 

as an ontJiae is given of erenr knoim ooal-fiekl in this and ocher conntzies, as weD as 

of die two principal methocb of working the book will doubdess iatCRsK arery 

lan!;e nnmber of readers." — Mining Journal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting UDderground Steam Pumping Machinery, with 
a Description of a large nmnber of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and Uieir merits compared with other forms of 
Pumping Machinery. By Stephen Michell. 8vo^ ly. cloth. 

Manual of Mining Tools. 

MINING TOOLS. By W. Morgans. Text, iimo, 31. Atlas 
of 235 Illustrations, 4to, dr. Together, 91. doth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

* 

Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2J'. 6</., stronglj bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels.* 

— Engineer. 

** Mr. Mackrow has compressed an extraordinary amount of information into this 

useful volume,"— A iAe^uettm. 

Pocket-Book f Of Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULiE FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N. A. Third Edition. Royal 32mo, leather, gilt edges, 4J. 
" A most useful companion to all marine engineers. "^£^MtV/</ Service Gauite* 
"Scarcely anything required by a naval engineer an>ean to have been for* 
gotten.**— ifvif. 
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Granthanis Iron Ship-Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. By John Grantham, M. Inst C.E., &c. Fifth Edition. 
40 PJates. Imp. 410, bds. , in itb separate Text, 2/. 25, complete. 

Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major Gecrgk H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2ij. doth. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lor. td, doth boards. 

Rudimentary Navigations 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, y. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical) ^ with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated. i2mo, 7^. strongly half-bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

Tke following books in Naval Architecture^ etc., are published in the 

above series, 

NAVKJATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite £^ements from the Nautical Almanac for 

Working the Problems. i2mo, 2x. dd, cloth. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fifteenth Edition. i2mo, 2j. td. cloth. 

SAILS AND SAIL-MAKING.^ Tenth Edition, enlaiged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3^. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fifth Edition, 

with Plates and Diagrams. i2mo, 4J. cloth boards. 
UAm^}L ENGINES, AND STEAM VESSELS. By Robert 
MURRAV, C.E. ExgUVv 1.^1110X1. [Jn preparation. 
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ARCHITECTURE, BUILDING, ETC. 
Constrtiction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By £. Wyndham Tarn, M.A. 
Second Edition, revised, with 58 Engravings, price 7^. td» 

** A very valuable boolc, which we ttronsly recommend to all student*.'*— i9aM^r. 

'* No architectural student should be without this hand-book.**— ^rrAiV^b/. 

Civil and Ecclesiastical Btdlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
including Church Restoration. By Sir Edmund Beckett, 
Bart., IJL.D., Q.C., F.R.A.S. i2mo, 5j. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "— >7Vi»/f. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; beinfi a 
Series of Designs for Villa Residences in various Styles. With 
Outline Spedncations and Estimates. By C. WiCKES, Architect. 
30 Plates, 4to, half morocco, gilt edges, i/. i^. 
%* An Enlarged Edition, with 61 Plates. 2/. 2j. half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : A Text-book for Architects, 
Clerks of Works, &c. By F. Rogers. Cr. 8vo, dr. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. WiOHTWiCK. 
New Edition. By G. H. Guillaume. i2mo, cloth, 4J. 
" Will be found an acquisition to pupils, and a copy ought to be considered ai 
necessary a purchase as a box of izistruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7^. (>d. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 31. (id. cloth. 

Builder's and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, contaming the latest prices of all kinds of Builders' 
Materials and Labour, &c. Revised by F. T. W. Miller, 
A.R.I.B.A. Half-bound,^ 4J. 

Stone-working Machinery. 

STONE- WORKING MACHINERY, and the Rapid and Eco- 
nomical Conversion of Stone. With Hints on the Arrangement 
and Management of Stone Works. By M. Powis Bale, M. I. M. E. 
A. M. I. C. E. \Nearly ready. 
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Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edwabd Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detaiL Lsirge folio, ^^-ith 130 Plates, half-bound, 5/. 3/. 
*«* Originally published in two volumes, folio, at iS/. I&r, 

Vitrtwiu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
rOLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. l2mo, cloth limp, 5J. 

Afuient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com^ 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE, 
By the Earl of Aberdeept ; i2mo, 6j., half-bound. 
•»* The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prismg THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds. Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, l2mo, dr. half-bound. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Illustrations, Notes, 
and an Examination of Grecian Architecture. By Joseph Gwilt, 
F.S. A. Edited by W. H. Leeds. 66 Plates, 4to, 21 j. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual o£ With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6j. doth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised, with 330 illustrations. l2mo. 41. cloth. 

joints used in Building^ Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 

construction of various kinds of Engineering and Arcliitectural 

works, with especial reference to those wrought by artificers in 

erecimg and finishing Habitable Structures. By W. J. Christy, 

Architect. • With 160 IWusUaXVoiis, \2mQ, -^^^ ^d, ^o^lK boards. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
m> Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Enmneers. By Professor Thomas L. Donald- 
son, M.LB.A. * New Edition, in One large volume, 8vo, with 
upwards of looo pages of text, and 33 Plates, cloth, i/. lis, 6d. 
''In this work forty-four specifications of executed t¥Orks are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects.** — Builder. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect 8vo, 15J. doth. 

*** A volume of specifications of a practical character being greatly required, and the 
dd standard work of Alfred Bartholomew being out of print, the avthor, on the basis 
of that work, has produced the above. — Extract from Preface. 

Designing, Measuring , and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions tor taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valoation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 8 Plates and 63 Wood- 
cuts. Originally edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and 
Construction, and a new chapter on Dilapidations, Repairs, and 
Contracts. By E. Wyndham Tarn, M.A qj. [Just published. 

" The most complete treatise on the principles of measuring and valuing artificers 
work that has yet been published." — Building News, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size. is. 6d. 

Beatofi sBuilders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: conteinin^an Expla- 
nation of the Terms used in Building Construction, Directions for 
Measuring Work, Useful Memoranda, &c. By A. C. Beaton. i5.(}d. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.LB.A. 
Third Edition, Revised. Crown 8vo, y. 6d., cloth. 
*' In two years it wUI repay its cost a hundred times aytt,''—Field. 
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CARPENTRY. TIMBER, ETC. 

♦ 

TredgolcTs Carpentry, new and cheaper EdiHan. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium oC Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Ardies, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities oi Materisds, dec By Thomas Trxdgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at a/. 2j., reduced to i/. 5j. dodi. 
"A work whose monumental excellence must commend it w heiever sidllul car- 
pentry is concerned. The Author's prinopUs are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value."— ^ariVUlMSf Ntws, 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 
2nd Edition. Carefully revised and corrected. i2mo, 3J. dcU doth. 



" Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and tmrows in, as a makeweight, a host of material concerning Inricks, columns, 
dstems, &c.— all that the class to whom it appeals requires."— £«f7uA MechMuc. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6^. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. dd. doth. 

" In^uable labour-saving tables." — Ironnumger, 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, 3/. doUi. 

Morton's Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidi^ of hewn or eight-sided timber, 
or of any octagonal-sided column. By Richard Horton. 
Fourth Edit. With Additions, i2mo, strongly bound in leather, 5^, 

Horton' s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER. 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Dedmal Tables, &c. ^^ "^^ 'fto^'vo^. \'Mfta^ ^, leaUier. 
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NicholsofCs Carpenter^ s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standi^ work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is, doth. 

Dowsing^ s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lined Foot to any given Price per Petersburph Standard 
Hundred, &c., &c. Also a variety of other valuable mformation. 
By W. Dowsing. Third Edition. Crown 8vo, y. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson. Fcap. 8vo, 3^. td, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. ByM. PowisBale, M.I.M.E. Crown 8vo, izr. 6d!l cl. 

'* Mr. Bale is evidently an expert on tbe subject, and he has collected so much 
information that his book b all-sufficient for builders and others engaged in the con- 
version of timber." — Architect. 

" The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Buuding News, 

Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. (Being a Companion Volume to ** Woodworking 
Machinery.") By M. Powis Bale, M.I.M.E. With numerous 
Illustrations. Crown 8vo, ioj. 6d,, cloth. 

*** The author is favourably known by his former work on ' Woodworking Machi- 
nery/ of which we were able to speak approvingly. This is a companion volume, 
in which the administration of a large sawing establishment is discussed, and the 
subject examined from a financial standpoint Hence the size, shape,' order, and 
disposition of saw-mills and the like are gone into in detail, and the course of the 
timber is traced from its reception to its delivery in its converted state. We could 
not desire a more complete or practical txtSLtisc."'^Builder. 

** We highly recommend Mr. Bale's work to the attention and perusal of all those 
who are engaged in the art of wood conversion, or who are about building or re- 
modelling saw-mills on improved principles." — building" News, 

** Will be foimd of much value by that special class of readers for whose informa- 
tion it is designed. We have pleasure in recommending the book to those about to 
construct or to manage ssiyr-miils,"— A tAefueum, 
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MECHANICS, ETC. 

— • 

Engineer^ s Reference Book. 

tup: works MANAGERS' HANDBOOK. For Engineers, 
Millwrights, and Boiler Makers ; Tool Makers, Machinists, and 
Metal Workers ; Iron and Brassfounders, &c. By W. S. Hutton, 
Civil and Mechanical Engineer. Medium 8vo, about 400 pages, 
price \2s. 6r/., strongly bound. \In preparation, 

Meclmnics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit, with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 

*' Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work," — Building News, 

Enguieers and Machinist' s Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINISTS 
PRACTICAL ASSISTANT; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. iSmo, 2x. (id, 

SmitfUs Tables for Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, Ac. Selected and arranged by Francis Smith. 
240 pp. Waistcoat-pocket size, \5, 6(/., limp leather. 

Turning. 

LATIIE-WORK : a Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Has- 
LUCK. Second Edition, thoroughly Revised, with a New Chapter 
on the Screw-cutting Lathe. Crown 8vo, 5j. cloth. 

Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. Has- 
LUCK. With over 100 Cuts. Crown 8vo, u., cloth. 
*<,* TJie abwefortns the first volume <»/'H asluck's H andbooks on Handicrafts. 

Other Volumes in p^'eparation. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M.I.CE. i2mo, 9^., half-bd. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 700 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3^. 6</. cl 

Steam Boilers, 

A 'i'REATISE ON STEAM BOILERS : Iheir Strength, Con- 
stnietion, and Econom\ca\ \NoxV\t\^. B^ R, Wilson, C.E, 
Fi/ih Edition. i2mo, 6i.i c\o\Xi. 

" The: h«».sl f rfatisr that has ever Wew pwYW-AacA ow s\.«,wjwVc;\\«t^."— ^.u^jwew x 
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MATHEMATICS, TABLES, ETC. 

♦— 

Metrical Units and Systems^ &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E,, Author of "Aid to Survey Practice," &c. 
Large Crown 8vo, 12s, (>d, cloth. 

Gregory's Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part 11. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials,' &C. By Olinthus Gre- 
gory, LL. D. , F. R. A. S. Enlarged by H. Law, C. E. 4th Edition, 
revised by Prof. J. R. Young. W'iih 13 Plates. 8vo. i/. \s, cloth. 

Mathematics as applied to the Constrtutive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, is, 6d, cloth. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn, M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy Svo, 9^. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown Svo, y, 6d, cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C.E. 2nd Edit., revised and enlarged. Svo, los, 6d. cl. 

InwoocFs Tables^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionai^ Estates, De- 
ferred Annuities, &c. By William Inwood. 22nd Edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. Fedor Thoman. i2mo. Sj. cloth. 

'* Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
lind the present edition of eminent service,"— /Tw^fw^crmg:. 

^. 1. 
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WeightSy Measures^ and Mon^s. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS. 
Entirely New Edition, Revised and Enlarged. By W. S. B. 
WoOLHOUSK, F.R.A.S. i2mo, 2s, 6d, doth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By F^dor Thoman, 
of the Soci^t^ Credit Mobilier, Paris» 3rd Edit, i2mo, 4/. 6^. d. 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for "expeditiously ascertaining the value of any 
goods bought or sold by weight, from 15. per cwt. to 112s. per 
cwt., and from one farthmg per lb. to is. per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Down IE. 396 pp., 9^., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters ; 
Civil, Mechanical, and Mining Engineers ; Architects, Builders, &c. 
By Charles Hoare. Eighth Edit. Oblong 32mo, dx., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Refereq^ 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition, will affi)rd an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henrv Harben, 
Accountant New Edition. Royal 8vo, i/. 5^., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprismg Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by which 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from i|^ to 90 per cent. Tables of 
Discount from i^ to 98I per cent., and Tables of Commission, &c, 
from \ to 10 per cent. By H. Harben, 8yo, l/. 5^., half-bound« 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Mea^iiing, 
Optical, Surveying, and Astronomical Instruments. By J* F. 
Heather, M.A. Enlarged Edition. i2mo, Ss. doth. 
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SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Allo3ring and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c By George E. Gee. 
Second Edition, enlarged. i2mo, 3^. 6d. cloth. 



(C 

«( 



The best work yet printed on its subject for a reasonable price. ^ —yrmr^Zrr. 

' fi\ ' ' ' 



Essentially a practical manual, well adapted to the wants of amateurs and 
apprentices, contaming trustworthy information that only a practical man can 
supply." — English Mechamc, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contafaiing fuU In- 
stmctions for the Alloying and Working of Silver. Including the 
different Modes of Renning and Melting the Metal, its Solders, the 
Preparation of Imitation ^oys, &c By G. £. Gee. i2mo, y, 6d. 
" The chief merit of the work is iu practical chanurter. The workers in the trade 
will speedily discover its merits when tney sit down to study it," ^-English Mechanic . 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
^ Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
Geo&ge E. Gee. Crown 8vo, 3^. dd. cloth. 

Electro- Platingy &c. 

ELECTRO-PLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, Jj. cloth. 
" Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show the way."— ^wm^. 

Eledrotypingy &c. 

ELECTROTYPING : The Reproduction and Multiplication of 
Printing Surfaces and Works of Art by the Electro-deposition of 
Metals. By J. W. Urquhart, C.E. Crown 8vo, 5^. cloth. 

"A guide to beginners and those who practise the old and imperfect methods. "~/r<»«. 

Electro- Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinumi 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c. , 
&c Eighth Edition, Revised, including the most recent Pro- 
cesses. i2mo, 3^. 6^., cloth. 
" From this book both amateur and artisan may learn everything necessary for 
the successful prosecution of electroplating."— /«?«. 

'* A practical treatise for the use of thf*»e who desire to wgrk in the art f electro- 
deposition as a hminc^*' —Eftj^lish Mtchanic. 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the varioas kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc. By Charles Hunter. Second 
Edition, Revised. With over loo Engravings. 7^. 6<il, cloth. 

Electricity. 

A MANUAL of ELECTRICITY ; induding Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electiicibr, and 
the Electric Tele^i^ Bv Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with joo Woodcuts. 8vo, l/. 41. doth. 
** The accounts given of electndtyand galvanism are not only complete in a identific 
MMe^ but, which is a nurer thing, are popular and interesting. —Xoii^/. 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 

Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 

With an Introduction and Additional Chapters by W. H. Preece, 

M.I.C.E., Vice-President of the Society of Tdegraph Engineers, 

&C. With 470 Illustrations. Crovm 8vo, izr. €d, doth. 

" We can recommend Dr. Noad's book for dear style, great range of subject, a 

good index, and a plethora of woodcuts.** — Atheturum. 

** An admirable text-book for every student— b^^inner or advanced— of electricity. " 

"Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of efeec- 
tridty has grown into an admirable handbook."— ffVx/««mr//r Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying pl^ 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E. 
Edited by F. C. Webb, M.LC.E., M.S.T.E. 2nd Edition, Re- 
vised, 'with Large Additions and 128 Illustrations, 'js, 6d, cloth. 
" The book is by far the best that we have yet met with on the subject." — Athetueum, 

Lightning. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Parnell, R.E. i2mo, 7j. 6</. cloth. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, containing all known Methods of Anhydrous 
Analysis, many Working Examples, and Instructions for making 
Apparatus. By Lieut. -Col. W. A. Ross, R.A., F.G.S. 

[/// the press. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manu&ctures, 
in Trades, and in the Arte. By A. Normandy. New Edition. 
Enlarged, and to a great extenX te-N«inX\&TL^ by Henry M. Noad, 
Pli.D.,F.R.S. Withn\nncioxkal\!L\M*xax:\ox^ Cx,Vi^^\is.^,doth. 
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Chap. I. Choice of Site and General 
Plan of Worka~II. Sulphuric Acid~ 
III. Recove^ of the Nitrogeu Com> 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
l^on upon the Noxious Vapours Ques- 
tiaa — ^VI. The Hargreaves' and Jones' 
IVocesses— VII. The BalUng Process— 
VIII. Lixiviation and Salting Down — 



TAe Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufactnre of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By Tohn Lomas, Alkali Manufacturer. With 232 Illus- 
trations and Working Drawings, and containing 386 pages of text* 
Super-royal 8vo, 2/. I2x. td, cloth. 

This warkfrwidet (i) a Complete Handbook for miending Alkali and Sulphuric 
Acid Manufacturers^ and for thou already in thejfield who desire to improve their 
plant, or to becopne practically acquainted with the latest procesus and drvelopmente 
of the trade ; (a) a Handy Volume which Manufacturers can put into the hands of 
their Managers and Foremen as a us^ul guide in their daily rounds of duty. 

Synopsis op Contents. 

IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder — XV. 
Utilisation of Tank Waste-XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calctilations, Ane- 
mometers, and Foreign Lq|islation upon 
the Noxious Vapours Question. 

"The authcnr has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has beeu 
published in any language." — Engineer, 

'* This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no lef^ than 93a wood engravings, all of which may be u<ied for the purposes of con- 
structlon. Every step in the manufacture is vei^ fully described in Uiis manual, and 
each improvement explained. Everything which teuds to introduce economy into 
the technical details of this trade receives the fullest attention." — Athenaum. 

'*The author is not one of those clever compilers who, on short notice, will ' read 
up' any conceivable subject, but a practical man in the best sense of tlie word. We 
find h«« not merely a sound and luminous explanation of the chemical principles of 
tMfe trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlodced by 
even the most experienced technological 9M^Qn."^-Chemical Review. 

Soap-making. 

THE ART OF SOAP- MAKING, A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, &c. Including 
many New Processes, and a Chapter on the Recovery of Glycerine 
from Waste Leys. By Alexander Watt, Author of " Electro- 
Metallurgy Practically Treated," &c. With Numerous Illustra- 
tions. Crown 8vo, 9^., cloth. \Jttsi published, 
" The work will prove very useful, not merely to the technological student, but to 

the practical soap-boiler who wishes to understand the theory of his art." — Chemical 

Neil's. 

" Every stage of the process of the manufacture of the various kinds of soap is 

clearly described." — T/ic Textile Recorder. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook in which the Operations of Tanning, Currj-ing, 
and Leather Dressing are fully Described, and the Principles of 
Tanning Explained, with Practical Details, atd Accounts of many 
Recent Processes, to which is added a Description ol the Arts of 
Glue Manufacture, Gut Dressing, &c. By Alexander Watt, 
Author of ** Soap-Making," "Electro- Metallurgy," &c. With 
pumerous Illustrations, Crown 8yo, \^In peparation ^ 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.CLb, formerly Professor of Natual Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Doable Volumes. 
Price £\ is,, in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31 J. 6d, 

OPINIONS OF THE PRESS. 

" This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of * common things ' which every well-wisher of his kind is anxioas to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and h(^>e that the desire for instruction and improvement wioely ^re> 
vails ; and we have no fear that such enlightened faith will meet with disappouit* 
ment." — Tinus. 

** A cheap and interesting publicatioa, alike^ informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, con^deraUe inauc- 
live powers, and a popular style of treatment." — Spectator, 

** The ' Museum of Science and Art ' is the most valuaUe contribution that has 
ever been made to the Scientific Instruction of every dast of society.** — Sir David 
' Brtwtier in tfu North British Review. 

'* Whedier we consider the liberality and beauty of the iUustrationt, dte diaxm of 
the writing, or the durable interest of the matter, we must express our belief thsU 
there is hardly to be found among the new books, one that would be welcomed \ri 
people of so many ages and classes as a valuable ^rvStaXT-^Examiner, 

%• Separate hooks formed from the above, smtahle for Workmitf^s 

Libraries, Science Classes, ^c. 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c 233 Illustrations, doth gilt, $s, 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscoi»c 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, zs, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 Ulustrations, cloth gilt, 2s. 6d, 

POPULAR PHYSICS. Containmg Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. IncludiM; the Steam Engine, the Lo- 
comotive, and Steam Navigation, og Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. ' Light, Comets, 
Eclipses, Astronomical Influences, &c 182 Illustrations, 4;. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation, icx) Illustrations, cloth gilt, is, 6d, 
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Dr. Lardnei^s Handbooks of Natural Philosophy. 

•«• The following fiv* volunus, though each U Complete in itself ^ and to be^r- 
chased separately, /onn A Complete Course op NatXjral Philosophy, ana are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science^ without ^rsuing them according to the 
more Profound methods of fnathematical investigation. The style is studioush 
popular. It has been the author's aim to suMly Manuals such as are required by 
the Student t the Engineer, the Artisan, and the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
"The perspicuity of the original has been retained, and chapters which had 
become obsolete, nave been replaced by others of more modem character. The 
explanations throughout are studiously pcnpular, and care has been^ taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R. A.S. With 236 Illustrations. Post 8vo, Ss, cloth. 
" For those ' who desire to attain an acciurate knowledge of physical science with* 
out the profound methods of mathematical investigatioo, this work is not merely in- 
tended, but well adapted." — Chemical News* 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post 8vo, 6s, cloth. 

" The style is always clear and precise, and conv^ instruction without leaving 
any cloudiness or lurlung doubts behind."— i^^M^rrw^. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. doth. 

" Written by one of tlie ablest English scientific writers, beautifully and elaborately 
VL\\vs,tS9X.tA.'*— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post 8vo, Ss, doth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin^g up his 

work to the present state of scientific itnsfwXedgt,"'— Popular Science Revu^v, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Fonmng a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of loo Woodcuts. In I vol., small 8vo, 
550 pages, 9J. 6d,y cloth. 
"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
o£Fered to the public." — Athenaum, 

*' We can do no other than pronounce this work a^ most valuable manual of astro- 
nomy, and we strongly recommend ic^ to all who wish to acouire a general — ^but at 
the same time correct — acquaintance with this sublime uiitxizt, ■^-Quarterly Jimrtial 
of Science. 

Dr. Lardner^ s Handbook of Animal Physics. 

THE HANDBOOK -OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New Edition, small 8vo, 
cloth, 732 pages, 1s,6d, 
'' We have no hesitation in cordially recommending W* ^Educational Timet, 
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Dr. Lardner^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Larbnbr. 

328 niustradons. Sixth Edition, i voL y, 6d, doth. 
"CoiiTevt. in dear and precise terms, general notions of all the principal divisions 
of Phjrsical Science." — BrtHsk Quarterly RtvUw. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dk, Labdner. 

With i^ Illustrations. Second Edition, i voL y, 6d, doth. 
"Clearly written, well arranged, and excellently illustrated."— ■{Tan^birrr'CJbiwwZr. 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2j. 6^. doth. 
" One of the most readable bodes extant on the Electric Tdegraph."— ^^. Mechanic, 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, Is, 6cL doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony aod Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8vo, 5^ . doth. 

" A valuable contribution to the evidences of revelation, and disposes very condu- 
sively of the arguments of those who would set God'k Works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed." — The Rock, 

Geology. 

GEOLOGY, PHYSICAL AND HISTORICAL: Consisting 
of " Physical Geology,'' which sets forth the Leading Principles of 
the Science ; and ** Historical Geology,*' which treats of the Mineral 
and OrganicConditionsof the Earth at each successive epoch, especial 
reference being made to the British Series of Rocks. By Ralph 
Tate. With more than 250 Illustrations. Fcap. 8vo, 5^. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. ColL, Camb. i8mo, 5j. cl. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Roval Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4J. lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in me R. M. A., Woolwich. Sixth Edition, crown 
Svo, cloth, ^ritli sei^ml^ K\\a& ol \a^S\a.\3ift^ i2f« complete. 
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Clocks^ Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckstt, Bait., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp cloth 
(No. 67, Weale's Series), 4/. 6</.; cl. bds. Jj. td, 

"The best work on the subject extant. The treatise on bells is undoubtedly 
the best in the Umguage.**— £'M!fM/mfls^. 

"The only modem treatise on clock-making.** — Horologkal youmal* 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 
M. A., Precentor of Ely Cathedral. Second Edition, revised, with 
Additions. i2mo, 3^. cloth boards. 
"The amateur builder will find in thisi book all that is necessary to enable him 
personally to construct a perfect urj^aii with his own hands." — Academy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B. A. Crown 8vo, %s, 6d, cloth. 

" A thoroughly scientific treatise in popular language." — Afomin^ AdvertUer, 
" We would particularly recommend teachers o7 the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c By J. 
W, Slater. Second Edition. Crown 8vo, *js. 6d. cloth. 

" A complete encyclopedia of the materia tinctoria."--C^^w«/ and Dniggist. 
" The newest resources of the dyer and printer are noticed with completeness, 
accuracy, and clearness." — Chemtcal News. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition. By 
Ellis A. Davidson. i2mo, 3^. dd, cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 fidl-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s. 6d, bound. 

** As patterns the plates are perifect, and by following them a style both artistic 

and accurate will be obtained. The instructions accompanying the plates are full 

and explicit, and may be comprehended by the dullest understanding without 

• difficulty. The students and novices are fortunate who are able to become the 

possessors of so noble a ivork." — Aixhitect. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Vbitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-lining, and Restoring, the Principal Schools of 
Painting. With Notes on Copyists and Imitators of each Master. 
By Philippe Daryl, B.A. Cr. 8vo, 3J. cloth. 

"A guide to the authorship, quality, and value of a picture, and furnishes the 
fundamental knowledge necess»r>' to amatewrs."— ^y^f/wr^fflty Review, 



2$ WORKS IN SCIENCE AND ART, ETC., 

Delamott^s Works on Illumination Cf Alphabets, 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, 9^. Elegantly bound, cloth antique. 

"The examples of ancient. MSS. recommended to the student, whidi, with mudi 
^ood sense, the author chooses from collections accessible to all, are selected widi 
judgment and knowledge, as well as Xa&Xjt.**—AthetuBHm, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. Tenth and Cheaper Edition. Rojral Sva, 

oblong, 2J. (id, ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be yas/^xi\.**'^AthetuBHm» 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Kiband, Gothic, Rustic, and Arabesque, &c., &c Collected and 
engraved by F. Delamotte, and printed in Colours. Eighth and 
Cheaper Edition. Royal 8vo, oblong, 2J. 6^. ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6x. doth gilt 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, i j. 6df. ornamental wrapper. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 

Sketches of the Progress of the Art By Thomas John Gullick, 

Painter, and John Times, F.S.A. Fourth Edition, revised and 

enlarged. With Frontispiece and Vignette. In small 8vo, 5j. 6</. qjoth.. 

\* This Work has been adopted as a Prize-book in the Schools oj 

Art at South Kensington, 

" Contains a large amount of original matter, agreeably conveyed. "-^^wtZdlrr. 

'* Much may be learned, even by those who fancy they do not require to be taughti 

from the carefu 1 perusal of this unpretending but comprehensive treatise; "—yfr^y^^/m/i/* 

Wood-Carving, 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 7J, 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
irom * A Lady's ' publication."— /I //im<r»m. 
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AGRICULTURE, GARDENING, ETC. 
Yotuitt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, andFARMER^S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. \s, half-bound. 
*' The standard and text-book with the fanner and graner." — Parmer* t Magasine. 
"A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History, Structure y and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4r. doth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distribu- 
tors, etc. By John Ewart. Cr. 8vo, 5^. cloth. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. The Laying Out and Cultivation of 
Farms adapted to the produce of Milk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prof. J. Donaldson. With 
Additions, by R. ScoTT Burn. 4j. cloth. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 
GREAT BRITAIN), adapted to the Syllabus of the Science and 
■ Art Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). i8mo, 2J. 6t/. cloth. 

" A clearly written description of the ordinary routine of English farm-life."— Za/m/. 
"A most comprehensive voliune, giving a mass of information." — AgriculturtU 

[EconcfHtst, 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. ScoiT Burn. 
, Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry— Utilisation pf Town Sewage, Irrigation, &c. Sixth 
Edition. In I vol. 1250 pp., half-bound, profusely illustrated, 12^. 

Farm Engineering. 

FARM ENGINEERING, comprising Draining and Embank- 
ing ; Irrigation and Water Supply ; Roads, Fences, and Gates ; 
Farm Buildings ; Bam Implements, etc. ; Field Implements, etc. j 
Agricultural Surveying, Levelling, etc. By Prof. John Scott. 
About 1300 pages, wi& Several Hundred lUustrations. 

[Inthefress. 
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T/ie Management of Estates. 

LANDED ESTATES MANAGEMENT: Treatmg of the 
\'arieties of Lands, Methods of Farming, Fann Building, Irrigation, 
Drainage, &c By R. Scott Burn. i2mo, y, cloth. 

" A complete and comprehensive outline of the duties appertaining to the manage* 
raent of landed estates." — Jonrrutl of Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3jr. 

Management of Estates and Farms, 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6j. 

Hudsofis Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT ; being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for Reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 45. 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULA, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4^. 

Complete Agricultural Surveyof^s Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7^*. 6^. 



" We consider Hudson's book to be the best ready-reckoner on matters reladne to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned. — 
It is most useful as a manual for reference." — North of England Farmer 

Graftmg and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 3^. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profiteble Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Tress, &c. From the French of Du Breuil. Fourth 
Edition, revised. With an Introduction by George Glenn y. ^f.cl. 

"The book teaches how to prune and train fruit-trees to perfection." — Field. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink, With Illustrations. Cr. 8vo, 2s. cl. 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, 5^. cloth. 

" A very good book, and one to be highly recommended as a practical guide, 
llie practical directions are excellent "-"Athenaum. 

Gainful Gardening, 

MULTUM-IN-PARVO GARDENING ; or. How to make One 
Acre of Land produce £(i20 a year, by the Cultivation of Fruits 
and Vegetables ; also How to Grow Flowers in Three Glass 
Houses, so as to realise £l^(^ per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2.s. cloth. 

" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener' s Magazine, 

Gardening for Ladies. 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 3j. 6<r. 

Btilb Culture. 

THE BULB GARDEN ; or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3J. 6d. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowenng Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2s, 6d, cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fniit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2s, 6d,f cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Sam uel Wood, Author of * * Good Gardening, " &c. Consisting 
of the above Two Works in One Vol., 5j. half-^und. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN ; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3J. 6^ 

Market Gardening, Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to " The Garden." Compiled by C. W. Shav^t, Editor 
of ** Gardening Illustrated." i2mo, 3^. dd. cl. bds. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing How to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, ^-c. By G, M. F. Glenny. i2mo, 2s, 
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'A Complete Epitome of the Laws of this Country.^ 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition, 
with Notes and References. Corrected to the end of last Session. 
Embracing upwards of 3,500 Statements on Points of Law. 
Crown Svo, price dr. &^ (saveii at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN's LAW, THE LAWS OP 



Bamkruptcy— Bills op Exchangi 
Contracts and Agrbbmbnts — Copy- 
right— Dowbr AND DnroRCB— Elec- 
tions AND Registration— Insurance 
—Libel and Slander— Mortgages— 

Also Law for Landlord and Tenant — 
Master and Servant— Workmen and Ap- 
prentices — Heirs, Devisees^ and L^a- 
tees — Husband and Vf^i^ — Executors 
and Trustees — Guardian and Ward — 
Married Women and Infants— Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 



Settlements— Stock Exchange Prac- 
tice— Trade Marks and Patents- 
Trespass, Nuisances, ETC — ^Transfer 
OF Land, etc — Warranty — Wills 
AND Agreements, etc 
Vendor — CcMninnies and Associations 
— Friendly Societies — Qei^ymen, Church- 
wardens — Medical Practitiociers, &c — 
Bankers — Fanners — Contractors — Stock 
and Share Brokers — Sportsmen and Game- 
keq)ers — Farriers and Horse-Dcalers— 
Auctioneers, House-Agents — Innkeepers, 
&c— Pawnbrokers— Surveyors, &c, &c 



" No Englishman ought to be without this book." — Engineer, 

** What it professes to be — a complete epitome of the laws of this country, thoroughly 

intelligiUe to non-professional readers. The book is a handy one to have m readiness 

when some knotty point requires ready solution.'*— ^///"f Life, 

Hoiv to Invest. 

HINTS FOR INVESTORS. Being an Explanation of the Mode 
of Transacting Business on the Stock Exchange, etc. By Walter 
M. Playford, Sworn Broker. Crown Svo, 2j. doth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property geneially; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C Norris. Royal 32mo, cloth, $s. 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES !aND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, \os. 6d. cloth. 
" The position and duties of auctioneers treated compendiously and clea:rly."— 

House Property. \Bmtder, 

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort- 
gage, Tenancy, and Compulsory Sale of Houses and Land ; the 

• Law of Dilapidations, &c. By E. L, Tarbuck. 3rd Edit. 3J. W 

"We are ^lad to be able to recommend 'Vi^— Builder, 

" The advice is thoroughly practicaL"— Zaw JoumoL 

Metropolitan Raiing. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at AVest- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 

&c. By Edward and A. L. Ryde. Svo, i&r. dd, doth. 

■ 

Biadbvy, Agasw, * Co., Fxinten, WhitefUaxs, London. 
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WEALE'S SERIES 
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t^ •' WEALE'S SERIES iaeludes Teil-Bookg on almost every brineh of 
Science and lodustry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Eosineenng, Fine Arts, Mechanics and Mfechanical 
Engineering, Pbysical aod Chemical Science, and many miscfeUaneous 

Treatises. The whole are constantly undergoing " '" ' 

brought up to the latest diseoveriea in "" 

issued. The prices at which they are sol< 
asauiad,"— ^^Bwrican Literary Gaieile. 

" Amongst (he literature of technical education, Wealb's Series hi 
enjoyed a high reputation, and the additioi .... . - 

LOCKWOOD 4SE Co. render the series even ni 
mation upon the several subjects down 
journal. 

" It is impossible to do otherwise tl 
Whale's Series." — Enginttr, 

"Everybody — even thai outrageous n . 
the merits of ' Wbale'h Rudimentary Series.' Any persona w sh ng to 
acquire knowledge cannot do better than look through Weale s Se es and 
get all the books they require. The Series is indeed an inexhauStiHe mioc 
Of literary wealth."— r*e Mstrofolilan. 

"WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science —Pubite Opinion 
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WEALE'S BUDIHENTABT SCIENTIFIC SEBIES. 




*«* The volumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; but ike volumes marked 
with a X may also be had strongly bound in cloth boards for td» 
extra. 

N.B. — /« ordering front this Dist it is recommended^ as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes, as well as the titles and Prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2S. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. ' With Remarks on the Blowing up of Bridges. 
By G«n. Sir John Burgovnb, Bart., K.C.B. Illustrated, zs. 6d. 

44. FOUNDATIONS AND CONCRETE WORKS, containing a 

Ssmopsis of the principal cases of Foundation Works, frc.^ Practical Remarks 
on Footings, Planking, Sand, Concrete, B6ton, Pile-dnving, Caissons, and 
Cofferdams, 8cc. By £. Dobson, M.R.I. B.A. Fifth Edition, zs. 6d. 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. By T. Bakbr, C.E. New Edition, 
revised by Edward Nugbnt, C.E. Illustrated with Plates and Diagrams. 28.t 

8o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. 2S. 

81. WATER WORKS, for the Suppljr of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samubl Hughbs, F.G.S., C.E. New Eution. ^.X 

117. SUBTERRANEOUS SURVEYING, an Elementary and Ptac 

tical Treatise on. By Thomas Fbnwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Bakbr, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS (THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by HsNRy 
! Law, C.E., revised by D. K. Clark, CE. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITAR Y WORK IN THE SMALLER TO WNS AND IN 
VILLAGES. Comprisin|f:— I. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, Assoc. M. Inst. C.E. Second Edition, revised and enlarged. 3s.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much enlarged by WmiAM 
Richards, C.E. With 72 Illustrations. 4s. 6d.} 1 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Cotm- 
tnes. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY l^OCKN^QQSO K:&"Vi CO,^ 
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Civil Engineering, Surveying, etc., continued, 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection ofWorks of Con- 
struction. By Francis C ampin, C.E. Second Edition, revised. 3s.t 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including Hydraulic Engineering by Geo. R. Burnell^ 2^.Inst. C.E. 
Seventh Edition, revised, with large additions by D. ^Kinnbar ClaRK, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other l^Iachinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.E. Illustrated, is. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. ss.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theonr 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machinet, 
Bridges, Cranes, Ship-building, 8cc., 8cc. By J. G. Winton. Illustrated. 3s.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By J. Maxton. 5th Edn. With 7 Plates and 350 Cuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. ByJoHN Sewell and D. K. Clark, M.I.CE. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, Sec— by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnbar Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 

?lating, and Calculating Boiler and Tank Work. By John Courtney, 
'ractical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 28. 
217. SEWING MACHINERY : Its Construction, History, &c., with 
full Technical Directions for Adjusting, 8cc. By J. W. Urquhart, C.E. 2S.t 
223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture oi 
the Steam Engine, &c. By Francis Cahpin, C.E. 2s. 6a.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting^Shop, Foundry, and 
Boiler- Yard. By Francis Campin,'C.E. «.* 

237. THE SMITHY AND FORGE; induding the Farrier's Art and 

CoachSmithing. By W.'J. E. Cranb. Illustrated. 2s. 6d,t 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane, is. 6d. 
251. STEAM AND MACHINERY MANAGEMENT: a Guide 
to the Arrangement and Economical Management of Machinery, with Hints 
on Construction and Selection. By M. POWIS BALE, M.Inst.M.E., 
A.M.Inst.C.E. [Nearly ready, 

f ^^ The % indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATR KUA*^ Y..C* 
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MINING, METALLURGY, ETC. 

4* MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. %%.% ' 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 

Treatise on, with and without the Mag^netic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. (AX 

133. METALLURGY OF COPPER ; an Introduction to the Methods 
of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn. Ph.D. Wooacuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ander Watt, F.R.S.S.A. Eighth Edition, revised, with additional Matter 
and Illustrations, including the most recent Processes. 3s.;t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 68. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture. Methods of Assav, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, 8cc. By H. Bauerman, F.G.S. Fifth Edition, 
revised and enlarged. 534 

180. COAL AND COAL MINING. By Warington W. Smyth, 

M.A., F.R.S. Fifth Edition, revised. With numerous Illustrations. 3s. 6d.t 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Lajring out and Valuing Mineral 
Properties. By Willlam Lintern, Mining and Civil Engineer. 3s. 66..% 

214. SLATE AND SLATE QUARRYING, ScitD^^c,'Px2iC^csd, TOi^ 
Commercial. By D. C. Da vies, F.G.S., Mining Engineer, &c. 3s.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Ezt)eriments. By W. Lintern. 2s. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— Thit Orders and their .^Esthetic 

Principles. By W. H. Leeds. Illustrated, zs. 6d. 

17. ARCHITECTURE—STYLES— Tlie History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated. 2s. 
%* Orders and Styles op Architecture, in One Vol., 3s. 6d. 

18. ARCHITECTURE— DESIGN— The^ Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2«.6d. 

\* The three frecedinsr Works, in One handsome Vol., half hound, entitled 

" Modern Architecture," price 6s. 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

25. MASONRY AND S TONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bribes, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 
45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnbll, C.E. T welfth Edition, is. 6d. 

" ■ ' « 

TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued, 

S7> WARMING AND VENTILATION An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines^ 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*c,: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. , 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, zs. 6d. 

128. VITRUVIUS -^ THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latm by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, zs. 
%• The two Preceding Works in One handsome Vol., half bound, eniiiled "Ancibnt 

Architecturb," Price 6s. 

132. THE ERECTION OF DWELLING-HOUSES, Illustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, 8cc. By 
S. H. Brooks. Nqw Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers*. Painters', Paper- 
hangers'. Gilders', Smiths', .Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is, 6d. 

175. LOCKWOOD <St- C0:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, &c., &c. Edited 
by F.;T. W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINERY— TnJL Elementary Pmn- 

ciPLES OP Carpentry. Chiefly composed from the Standard Work ol 
Thobsas Trbdgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.| 

182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s. 6d. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c. ; Unequal-sided, Square-sided, Octagonal-side^ Round Timber 
and Stone, and Standing Timber, &c. By Richard BLorton. Fourth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS, By G. WiGHTAVlCK. 

New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : containing full information on the Processes of House-Painting, 
the Practice of Sign-Writing, the Principles of Decorative Art, a Course of 
Elementary Drawing for House-Painters, Writers, &c., &c. With 9 CoIoutcmI 
Plates, and nearly 250 Wood Engravings. By Elus A. Davidson. Third 
Edition, revised. 5s. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geonxetry, Mensuration, 8cc. By Adam Hammond. Illustrated, zs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Crafl of 
the Plumber. With Chapters upon House Drainage. Fourth Edition. 
With 330 Illustrations. By W. P. Buchan. 3s. 6d.t 

The X indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COXHIT, LUDGATK HllA*^ ^.^ 
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Architecture, Building, etc., continued, 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER»S STANDARD GUIDE. By Richard E. Grandy. 
Second Edition, Revised. 334 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Grreat Pjrramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. With upwards of 160 Engravings on Wood. 3s.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

By E. Wyndham Tarn, M.A., ' Architect.r^Second Edition, revised, is. 6d. 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling- Houses, 8cc. By James W. Facby, Jun. 
Illustrated with Sixty-eight explanatory Engravings. 2S. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, ana Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, zs. 6d, 

247. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land, including 
the Formation of Streets and Sewers, and the Requirements of Sanitary 
Authorities. By Fowler Maitland, Surveyor. Illustrated. 2S. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2S. 

252. BRICKWORK : a Practical Treatise, embodying the General 
and Higher Principles^ of Bricklaying, Cutting and Setting, &c. By F. 
WALI^R. [/n the Press, 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudunents of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
Jambs Peaks. Fifth Edition, with Plates and Diagrams. 3Sf 6d4 

S3*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By H. A. Sommbrfeldt, 
Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 
53**. AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentaiy Treatise on. Also Tables of Spars, Riegfing, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. By Kobert 
SLIPPING, N.A. Fifteenth Edition. Illustrated. zs.X 

54*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

54»». AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a, Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By Jambs Greenwood, B. A. To 
which are added, the Deviation and Error of the Compass.; Great Circle 
Sailing ; the International (Commercial) Code of Signals ; the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
. Storms ; and a Brief Dictionary of Sea Terms. With Coloured Plates of 
Flags, &c. New, and enlarged edition. By W. H. Rossbr. 2s. 6d.t 

TAe t indicates that these vols, may be had strongly bound at 6d. extra, 
LONDON : CROS^X I.0C1K^00I> KSVi C.O,^ 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 
80. MARINE ENGINES, AND STEAM VESSELS, By Robert 

Murray, C.£. Eighth Edition. [In preparation, 

%lhis, THE FORMS OF SHIPS AND BOATS: ffints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. ByW. 
Bland. Seventh Edition, revised, with numerous Illustrations and ModeIs.zs.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Thtory 
and Practice. By Prof. J. R. Young. New Edition, including the requisite 
Elements from the Nautical Almanac for working the Problems. 2S. od. 

106. SHIPS* ANCHORS, a Treatise on. By G. Cotskll, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Eflfort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., fcc. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N JL, 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION, Consisting of The Sailor's 
& Sea-Book. By Jambs Greenwood and W. H. Rossbr. Toother with 
2Q^ the requisite Mathematical and Nautical Tables for the Working of the 
^* Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics m Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half>bound in leather. 



AGRICULTURE, GARDENING, ETC. 

t\* , READY RECKONER FOR THE ADMEASUREMENT OF 
LAND, including Tables shoimng the price of work from 2s. 6d. to jCz per 
acre, and other useful Tables. By Abraham Arman. Second Eoution, 
corrected and extended by C. Norris, Surveyor, &c. 2S. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millwork, &c. zs. 

140. SOILS, MANURES, AND CROPS, (Vol. I. OUTWNES OF 

Modern Farming.) By R. Scott Burn. Woodcuts. 28. 

141. FARMING 6f* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

OuTUNES OF Modern Farming.) By R. Scon Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. ScoTT Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines op Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Nos. 140-1-2-5-6, t'n One Vol. ^handsomely half-bound^ entitled " Outlines OF 
Modern Farming." By Robert Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s, 6d.t 

198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY, Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. By George M. F. Glenny. is. 6d.t 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL CO\31lT, lASYi^Kt^ -SWA.^ ^.^. 
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Agriculture, Gardening, etc., continued, 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zation of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Contract Work ; Labour, &c. By R. Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildingfs, 
Irrigation, Drainage, &c. By R. Scorr Burn. 2s. 6d4 

%• Nos. 207 &- 208 in One Vo/., handsonuly half-bound^ entitled " Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. PHce 6s, 

209. TLTE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.t 

210. THE TREE PRUNER, A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 

••• Nos. 209 6f 210 in One Vol., handsomely half-bound, entitled "The Tree 
Planter, Propagator, and Prunbr." By Samuel Wood. Price $s. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and^Straw Dealers, &c. 
Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Prot John Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By CHARLES 

Baltet. With Illustrations. 2s. 6d.t 

232. COTTAGE GARDENING ; or, FJowei-s, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

234. THE KITCHEN AND MARKET GARDEN. Compiled 

by C. W. Shaw, Editor of " Gardening Illustrated." 3s.* 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By J OHN Scott, late Professor of Agriculture and Rural £conomy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is. 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, Warping*, &c. ; on the Construction of Wells, 
Ponds, and Reservoirs ; and on Raising Water by Machinery for Agricul- 
tural and Domestic Purposes. By Prof. John Scott. With 34 lllus. it. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramwa3rs, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
including Plans and Estimates. By Prof. John Scott. With 105 lUus. 2S. 

243. BARN IMPLEMENTS AND MACHINES. Treating of the 

Application of Power to the Operations of Agriculture ; and of the various 
Machines used in the Threshmg-bam, in the Stock-yard, Dairy, 8cc. By 
Prof. J. Scott. [Nearly ready, 

244. FIELD IMPLEMENTS AND MACHINES, By Professor 

John Scott. Illustrated. [/« the press, 

245. AGRICULTURAL SURVEYING, LEVELLING, &>€. By 

Prof. John Scott. Illustrated. [In preparation, 

j 250. MEAT PRODUCTION, A Manual for Producers, Distributors, 
&c. By John Ewart. 2s. 6d.4' 

The t indicates that these vols, may be httd strongly bound at 6d, extra* 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjustiner> and Usinethem 
are concisely Explained. By J. F. Heather, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in i vol.. Illustrated, zs. 6d. 
\* In orderingthe above, be careful io say, " Original Edition " {,No. 32), to distiu' 
guish it from the Enlarged Edition in 3 xwls. {Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of ^Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and PFactice 
of Isomctrical Projection. By J. F. Heather, M.A. With 14 Plates. 28. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Greometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 2x5 Woodcuts. 2S. 

179. PROJECTION : Orthographic, Topographic, and Perspective. 

By J. F. Heather, M.A. [/« preparation* 

*»* The above three volumes will form a CoviTLETEi Elementary Course of 

v^ A •p«»«f A A <j»TCAT. Drawing* 

%l, COMMERCIAL BOOK-KEEPING. With Commercial Phrases 
and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Tenth Edition, corrected, is. 6d. 
84*. A Key to the above, containing Solutions in fall to the Exercises, t^rether 
with Comments, Explanations, and Improved Processes, for tiie Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
35*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be g^reatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s.: 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the. various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

8q and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d,t 

•«• Sold also separately, viz. : — 

88. Eucud, The First Three Books. By Henry Law, C.E. zs. 6d. 

89. Eucud, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Youno. 2s.t 

91. PLANE TRIGONOMETRY^ the Elements of. By JAMES 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. is. 
\* Or with " The Elements of Plane Trigonometry,^^ in One Volume, zs. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 

Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusB. F.R.A.S., 8cc. IS. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

105. MNEMONICAL LESSONS. — Gbouetkv, Algebra, and 
.Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Pbnyngton Kirkman, M.A. is. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT^ LUBOkT^ ^\\X-. ^.^* 



lo weale's rudimentary series. 

Mathematics, Geometry, etc., continued, 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Arman. is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the puiposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M. A. Illustrated, is. 6d, 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 
%• The above three volumes form an enlargement of the Author's original work, 
** Mathematical Instruments** {See No. 32 in the Series.), 

i6B.iMATIIEMATICAL INSTRUMENTS. By J. F. Heather, 

169. r M.A. Enlarged Edition, for the most part entirely're-written. The 3 Parts as 
170..) above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C.E. With a 
Slide Rule in tuck of cover. 2s. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest,Discount, Annuities, 8cc. By FiSdor Thoman. ab.X 

199. INTUITIVE CALCULATIONS; or. Easy Methods of Perform- 
ing the Arithmetical Operations required in Commercial and Business Trans- 
actions : with Full Explanations ofDecimals and Duodecimals ; Tables, &c. 
By D. O'Gorman. Twenty-fifth Edition, by Prof. J. R. Young. 3s.^ 

204. MATHEMATICAL 2:4-5^.5^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prelxed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Professor*!. R. YouNG. 38. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S.,F.S.S. Sixth Edition. 2s.t 

227. MATffEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
?&tion, by means of Aritlmietical and Simple Als^ebraical E<}uations and 
ractical Examples. By Francis Campin, C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agfriculture. is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. Tomlinson. Woodcuts, is. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

unson. Illustrated, is. 6d. \ 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 
7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General^Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D. With 165 Woodcuts. 3s. 6d.t 

7'he t indicates thai these vols, may be had strongly bound at td. extra. 
LONDON : CROS^^ ^LOCYL^OOTi K^Ti C.<^.^ 
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Physical Science, Natural Philosophy, etc., continued. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

ToMLiNSON. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSC A ; a, Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tatk, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnk Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to [Candidates for 
Employment in the Telegraph Service. By R. Bond. Fourth Edition. 
Including Questions on Magnetism, Electricity, and Practical Telegraphy, 
by W. McGregor. 3s.t 

173. PHYSICAL GEOLOGY, partiy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts, as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

8c Historical. Partly based on Major-General Portlock's ** Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4»» 6d.* 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
Sc formerly Professor of Natural Philosophy and Astronomy in University 
i8d College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 
■+' *»* Sold also in Two Paris ^ as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. as. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XvlII, 3s. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
i Students and Amateurs in Architecture, Painting, &c. By George Pynb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&41. GLASS. From the German of Dr. Gbssbrt and Emanuel Otto From- 
BBRG. With an Appendix on The Art of Enamelling, as. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer, as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 
69-7 1 . MUSIC ^ THE PIANOFOR TE. In one vol. Half bound, ^'s. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum. Pottery, Enamel, Class, &c. With Historical 
Sketches of the Progress 01 the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. 5s.i 

186. A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. as. 6d.t 

^^ The X indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT v tW^^^'C^ 'SK^^* ^.^* 
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INDUSTRIAL AND USEFUL ARTS- 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of. By E. DoBSON, M.R.I.B.A. Illustrated, 354 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. fimp ; ^s. 6d. cloth boards. 

Zz**.CONSTRUCTlONOF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, and Edited by Charles Tomlinson, F.R.S. With 
Additions by Robert Mallet, M.I.C.E. Illus. 2s. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, 8cc. With copious Receipts. &c. By Walter Graham. 2Z.% 

205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badenoch. Illustrated with Z2 full-page Engravings of Examples, is. 

215. THE GOLDSMITHS HANDBOOK, containing fuU Instruc- 
tions for the Alloying and Working of Gold. By George E. Geb, 3s.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burobss. 2s. 6d.t 

225. THE SILVERSMITHS HANDBOOK, containing full In- 

structions for the Alloying and Working of Silver. By George E. Geb. 3s.t 
235. PRACTICAL ORGAN BUILDING, By W. E. DiCKSON, 

M.A., Precentor of Ely Cathedral. Illustrated. 2S. 6d.t 
249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By George E. Gbb. 3s.t 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALL URGY, ARCHjE- 
OLOGY, the FINE ARTS, &^. ByToHNWBALE. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

5a THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. i%.% 

112. MANUAL OF DOMESTIC MEDICINE, By R. GrOODlNG, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.t 

II2«. MANAGEMENT OF HEALTH, A Manual ot Home and 
Personal Hygiene. By^the Rev. James Baird, B.A. zs. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING, With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS, Notices of the various 

Fields for Emigration, Hints on Outfits, Useful Recipes, &c. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By RoBEET 
Jambs Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion. By Major W. W. 
Kjiollys, F.R.G.S. With 163 Woodcuts. 33.*. 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cooker}^, Pickling and Preserving, Household Work, uaxrj 

Man^ement, the Table ana Dessert. Cellarage of Wines, Home-orewing 

'and Wine-making, the Boudoir and .Dressing-room, Travelling, Stable 

Economy, Gardening Operations, &c. By An Old Housbkebpbr. 3s. 6d.t 

194. HOUSE BOOK (The), Comprising:-—!. The House Managek. 

112. Bv an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 

o. ; M.D. III. Management of Hbalth. By Jambs Baird. In One Vol., 

^ strongly half-bound, 6s. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Bidliol 
College, Oxford. 2s. 6d. ; cloth Doards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, as. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand, is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. 7 By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 
II*. Philology ; Handbook of the Comparative PhUology of English, 
Anglo-Saxon. Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. xs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; completewith the Grammar, cloth bds.,^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, zs. 6d. . 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, xs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, aAd the Bar. By M. Bautain, Vicar-General and Professor at tiie 
Sorbonnc. Translated from the French. 7th Edition, carefully corrected. 2S. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. - 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, QuaUtative and QaaniitaUve, a Course 

of. To which is prefixed, a BrietTreatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Webster. 2s. 
THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 
Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 

Introductory Primer, 3</. . 

Fourth Standard . ..12 
Fifth „ ...16 

Sixth „ ...16 

Lessons from the Bible. Part I. Old Testament, is. .... , , , 
Lessons from the Bible. Part II. New Testament, to whirfi is added 
The Geography of the Bible, for very younp Children. By Kev. c 
Thornton Forster. is. 2d. V Or the Two Parts in One Volume. 2s. 



First Standard . .06 
Second „ . . o 10 

Third „ ..10 



7, stationers' HALL COURT, LUDGATE HILL, E.C. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, 8cc. By Alfred Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. ss. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully culled fi-om the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S, A. Hamilton. 

In Three Parts. Part I. German-French-Enelish. Part II. English-Ger- 
maa-French. Part III. French-German-English. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

8c 39. Grammar (No. 39), in One Volume, cloth boards, 58. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol.1. Italian -English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6cl. 
32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
witib the proper Accents and the Gender of every Noun. By Alfrbd Elwbs. 
4S. ; cloth boards, 5s. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. ^. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, &c., with the proper Accents and the Gender of every Noon. 
By Alfred Elwbs. 5s. ; cloth boards, 6s. •»• Or with the Grammar, 
cloth boards, 7s. [^'w*' ^blished, 

HEBREW. 

46*. Hebreiv Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinicid; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebre^wr Dictionary. By Dr. Bresslau. 3s. 
44,^6, Hebre^fivr Dictionary (as above), in Two Vols., complete, with 
4^** the Grammar, cloth boards, iis. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. xs. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of School?, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis JEneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

51* Part I. Books i. — ^vi., is. 6d. 

5** ; Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGQ Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

ID. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 6d. 

13. Giceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, bv Rev. 
T. H. L. LsARY, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Giceronis Qato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialog!. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy ! History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
16*. — — Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A-, Lecturer on Logic at King's College, London. 2s. 

7, STATIONERS' HALL COURT, LUDGATH H\\X*^ ^*^:^ 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claudb Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. i. Greek-English, 2s. 6d.; Vol. 2. English- Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in EngUsh. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part x. Books i. to iii., 
xs. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, xs. 6d. 
5.12. Homer, The Works of. According to the Text of Baeumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 
Thb Iliad : Part i. Books i. to vi., is.6d. Part 3. Books ziii. to xviii., is. 6d. 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 
Thu Odyssey: Part i. Books i. to vi., xs. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Booksvii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phacdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part 1. Books i.. ii. (The Clio and Euterpe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s." 

2X, Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.A., F.R.G.S. is.6d. , ^ .^ .^rr. , 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. uiEschylus : Prometheus vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. is. 

32. uiEschylus ! Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. j t ^ 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jkwitt. is. 6d. . 
4?. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Jirasenose College, Oxford, is. (A. 
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